Title of the |Invention

A d ass-ceram c Substrate for a Magneti

Di sk” and a Met hod for Manufacturing the Same Backgr ound of tﬁéﬁa?zq -4
Inventlon This invention relates to a nagnetlc di sk

substrate used for a hard magnetic di sk recording device

particularly, to a magnetic dISk substrafe_ made of a glass- g@&én1@*9
havi ng an i nproved surface . Ccharacteristic capablg of preventing sticking
of a magneti c head to a nagnetlc disk in a CSS (contact start and
stop) type magnetic di sk, a magnetic disk forned by subj ecting the

magneti c di sk subﬁitq%go% ¢ éfl%g%nqqm ng process and a nethod for
manuf act uri ng the~ﬁ&gﬁekheiiaﬂl———é*méirate There is an

i ner easing tendency fo WhilieZidlG ofhic SUHMe GUIPY Yadiily {5 StPd 2

pur poses and this t endency necessitates a magnet i c
| arger recordi ng RRAG Yor Wnutfmcstuﬁ"irn%c’sﬁze §zﬂfe bi t

dIS evice o

er and track

density of a magnetic di sk nust

for

a -

s

i ncreased and t he S|ze of a bit cel

nmust be reduced fghckgrbmg@e%$|qge Invawtfiage recording density. As
magnet i TThead; Tt Tost—beoperated i

in closer proximty
This invention relates to a magnetic disk

substrate used for a har& magnetic disk recording device
and, more particularly, to a magnetic disk substrate
made of a glass-ceramic having an improved surface
characteristic capable of preventing sticking of a
magnetic head to a magnetic disk in a CSS (contact start
and stop) type magnetic disk, a magnetic disk'formed by
subjecting the magnetic disk substrate to a film-forming
process and a method for manufacturing the magnetic disk
substrate,

There is an increasing tendency for utilizing a
personal computef for multiple media purposes and this
tendency necessitates a hard magnetic disk device of a
larger recording capacity. For this purpose, the bit
number and track density of a magnetic disk must be
increased and the size of a bit cell must be reduced for
increasing a surface recdrding density. As for a

magnetic head, it must be operated in closer proximity

-.to the disk surface in conformity with the reduction of

t qell and, accordingly, it has become important
a_technique for preventing sticking of a
head to a magnetic disk surface and

anying head crash and damage to a magnetic film.



to the disk surface in conformty with the reduction of the bit cel
and, accordingly, it has becvﬁf |rrportant elop a technique for

preventing stiThs Bee gnetic head to a nmagnetic disk
sur faace and
- 2 - In a

head crash and damage to a magnetic film

I ¢ disk deV|ce t he repeat s
an operation accordi ng to which the magndtit  hehdHIiSsSHEETCHAS HRENW t h t he
magneti ¢ di sk before starting of operation of the deVRE&AQHE is lifted

from the magnetic di sk when the operation of the—devrte TS Started. |f
the surface of contact of the magnetic head wth the magnetic disk is a
mrror surface, sticking of the magnetic head to the nagnetic disk occurs
with the result khata r&iSttene gragnmt imghiety devkgei s Hoe magpatied head

smpothly due to increase in friction and damage to the disk surface
occurs.  Thus, tHERRRetian digeration aRfieHing L yhicht V\bh%on'f'ﬁ%ﬂhg
denands of reaI|Z|n Iomerjng of th i c,.head and prevenption
sticking of thd gnieﬁ i c! ct Ch‘g’r§bt cthgt jpagne Fb‘ﬁ]w‘%ﬂk Betore

generally for a nasgtnet IS éjl Sk Soupbsrta{taitoen arte ﬁlse fcpevioce ‘and is lifted from

the magnetic disk when the operation of the device is
started. If the surface of contact of the magnetic head
with the magnetic disk is a mirror surface, sticking
of the magnetic head to the magnetic disk eoccurs with
the result that rotation of the magnetic disk is not
started smoothly due to increase in friction and damage
to the disk surface occurs. Thus, the magnetic disk is
requ{red to satisfy two conflicting demands of realizing
lovwering of the magnetic head and prevention of sticking
of the magnetic head. Characteristics required
generally far a magnetic disk substrate are as follows:
{1 In a CSS type magnetic disk, sticking tends to occur
between the head and the magnetic disk due to increase
in contact resistance caused by @ high speed rot#tion of
the magnetic disk, if the magnetic disk has a smooth
surface with surface roughness (Ra) beloﬁ 50 A in a
landing zone of the disk; i. e., an area in the disk
where the magnetic head starts and stops its operation.
On the other hand, if the magnetic disk has a roght
-surface ‘with surface roughness (Ra) ébove'300 X in the
landing zohé}' there is a danger of-occﬁrrence of crash

of the magnetic head. It is necessary, therefore, to



(1)-In a CSS type negnetic disk, sticking tends to occur bet ween t he head

and“the magnetic disk due to increase I n contact resistance caused by a
hi gh speed rotation of the magnetic disk, if the magnetic disk has a
snoet h surface wth surface roughness (Ra) below 50 A in a | andi ng
zone of the disk, i. e., an area in the disk where the magnetic head

starts and stops its operation. On the3other hand, if the magnetic disk
has a rough -surface wth surface roughness (Ra) above 300 Ain the
| andi ng zone, there is a danger of occurrence of <crash of the nagnetic

head. It is necessary, therefore, to

control projecti om@ndrmdemr@smcmsm@n ofh d epfresAdo sy °t"’nethq eﬁiﬁ'frf’gcezo‘ﬁb *t“@ a
surface roughness of 50 Ato 300 A and also to control |mterv of such
proj ections or dd@nddgigorronien tohd saxdiacs i@Wéhﬁﬁsfoﬂﬁ [ﬁh

Since the anmobunt of lifting of the head tend to ease

d
order of 0.025 pmadEo%elt®n GRS It o 20 R GFdREn r &l r?g"?)‘é‘i‘l'sq”tsy &

t he magnetic disk, a data zone n e surface of et k should
have a surface ro Ot? q “é TREEAT ena‘;}lqul t° heaocsi ¢

maintain this anD%%F 0%;&Jé"¥ﬂe amount of lifting of the head tends to

decrease to the order of 0.025 Bm or below owing 'to
improvement in recqrding density of the magnetic diék,-a
data zone on the surface of the magnetic disk should
have a surface roughness (Ra) of 3 A - 9 & which enables
the head to maintain this amount of lifting.
(3) The magnetic disk substrate should not have
crystal anisotropy, a foreign matter or other defects
and should have a dense, fine and homogeneous texture.
(4) The material of the magnetic disk should have
sufficient mechanical strength and hardness forlstanding
a high speed rotation and contact with the head.
(5) The material of the magnetic disk must not centain
Na20 ‘and F ingredients in principle because Na20 and F
ingredients cause &ispersion of sodium ion during the
film forming process with tesulting deterioration in
characteristics of the film. -
(6) The material of the magnetic disk must have chemical
durability against rinsing and etching with various
chemica{s.
T Aluminum alloy has been conventionally used as a
material of magnetic disk substrate. The aluminum alloy

substrate, however, tends to produce a substrate surface



(3); The
a foreig

sufficie
rotation
must not
and F

process with resulting deterioration in

The mat e

magnetic disk substrate should not have crystal anisotropy,
n matter or other defects and should have a dense, fine and
honogeneous texture. (4) The material of the nmagnetic di sk should have
nt mechani cal strength and hardness for standing a high speed
and contact wth the head. (5) The material of the magnetic disk
contain Na[err]O and F ingredtemts in principle because Na[err] O
i ngredi ents cause dispersion of sodiumion during the filmformng

characteristics of the film (6)

rial of the magnetic di sk nust have chem cal durability against
rinsing and etching with various chem cals. Al um num al |l oy has
been conventional havis&d aprodectdodsi al odf SRGictliidkedi slpruisttrictns Thand
alym num al l oy substrate, however, tends to produce a substrate surface

4 having  pREPEESE4ASS @uriggothei Rl ishiggepiriosiess daied to defects
depressi ons durin he %olishin process que tq defects I nherent in the
material. As a ?EQGFF,t t i@ tReymatgmial.  As a result, the aluminum

alloy substrate is not sufficient in flatness. Further,

since an aluminum alloy is a soft material, deformation

tends to take place so that it cannot cope with,ifhe

recent requirement for making the magnetic disk thinner

and the requirement for high density recording

because

the disk tends to be deformed by contact with the head

with resulting damage to the recorded contents.

As a material for overcoming this problem of the

aluminum alley substrate, known in the art are glass

substrates for magnetic disks made of a chemically

tempered glass such as a sodium lime glass (SiO2

NaZO) and alumino-silicate glass (Sio2 - A1203

This glass substrate, however, has the f

disadvantages:

- Ca0O -
- Nazo) .

ollowing

(1) Polishing is made after chemical tempering and so

the tempered 1layer tends to cause instabil

thinning the disk substrate.

ity in

(2) PFor improving the CSS characteristics, the substrate

must be subjected to mechanical or chemical processing

callied texturing. Since a mechanical processing or a

.-thermal ‘processing such as by laser beam

cracking or other defetecs due to distortion

cause a

in the

chemically tempered layer, texturing must be conducted



al l oy substrate is not sufficient in flatness. Further, since an al um num
alloy is a soft material, deformation tends to take place so that it
cannot cope wth the recent requirenment for making the magnetic disk

t hianer and the requirenment for high density recordi ng because t he di sk
tends to be.deforned by contact with the head with resulting danmage to
the recorded contents. As a-mat%ertal for overcom ng-this problem
of the al um num al | oy substrate, known in the art are gl ass substrat es
for magnetic disks nade of a chemcally tenpered gl ass such as a

sodiumlime glass (SiJerr] - CaO - Na[err]0) and alum no-silicate glass
(Sigerr] - Al[erby¥( erchemibaleettbing oThiasgrgliasgrosihspraicess i ngowever ,
has the follow ng di sadvant ages: (1) Polishing is made after cheni ca

tempering and so thikeprewepdsedmabayeprodagddont oofcadbe prodalsitlitat ain
t hi nni ng the di sk substrate. (2) For inproving the CSS characteristics,
the substrate ngompBéidaNeecred-to nechani cal or chemical processing
called texturing. Since a nechani cal processing or a _thernal
processing such (83 byincgsethepela,Ocaidgredieftackengingiudedheas an

defetcs due to distortion in the chemcally tenpered |ayer, texturing
must be conduct egéssential ingredient 1in the glass, the Tfilm forming

characteristic of the glass is deteriorated with - the
result that a surface coating processing beébmes
necessary for preventing eluting of the Nazo ingredient.
This prevents mass production af the product at a
competitive cost.

Aside from the aluminum alloy substrate and
chemically tempered glass substrate, known in the art
are some substrate made of glass-ceramics. For example,
Japanese Patent Application Laid-open No. 6-329440
discloses a glass-ceramic of a Sio2 - Li,O0 - MgO - P,O

2 25
system which includes lithium disilicate (1i,0 . 2Si0,)

2 2
and alpha-~quartz (alpha—SiOz) as predominant crystal
pPhases. This glass-ceramic is an excellent material in
that, by controlling the grain size of globular grains
of alpha-quartz, the conventional mechanical texturing
or chemcial texturing becomes umnecessary and surface
roughness (Ra) of a polished surface can be controlled
wi;hin a range from 15 ; to 30 X. This glass-ceramic
cannot cope with the above described target surface

mro;hness (Ra) of 3 A to 9 A and also camnot sufficiently

cope with the above described tendency to lowering of

the amont of lifting of a magnetic head necessitated by



by a chem cal etching or a grain growth processing but this prevents nass
production of the product at a conpetitive cost. (3) Since the
Na[err]O ingredient is included as an essential ingredient in the
glass, the filmformng characteristic of the glass is deteriorated with
the result that a surface coating processing beconmes necessary
for preventing eluting of the Na[err]®© ifagredient. This prevents nass
production of the product at a conpetitive cost. Asi de from the
al umi num alloy substrate and chemcally tenpered glass substrate,
known in the art are sone substrate nade of gl ass-ceram cs. For exanple,
Japanese Patent Application Laid-ope No. 6- 329440 discloses a

gl ass-cerani c of BaBid] érereasgi figr the reﬁQGdlnE[éﬂpPGPéWr] Bestides ,whiiah
ingludes lithiumdisilicate (liferr] QO 28|C{err1 ) and al pha-quartz

(al pha-Sigerr]) 8ipralsaFnaaTapigst AP dHR5UEE100 #RO g 1thes 1 a@ddMigc Zogean
excellent materia ontrolling rain si of gl obul ar
grains of alpha-gﬁarPE HFﬁérdéﬁ eﬁ?ﬁ&ﬁaﬁnn§§ﬁ§n Eéplééffgﬁ °Rg 1 SoMadige ndita
texturing becones rpnecessary and surface roughness (Ra) of a polished
surface can be cofitfolled within a range from15 Ato 30 A Thi s

gl ass-ceramc cannot gope W LNpl gL PRYE1988¢E bR 531985 nS NG . 2CT-169048

discloses a photo-sensitive glass-ceramic of a Sioé -

Li20 system including Au and Ag as photo-sensitive
metals chéracterized in that a data zone and a landing
zone are formed on the surface of a magnetic disk
substrate. A predominant crystal phase of this glass-
ceramic is lithium silicate (Li, 0 Si0,) and/or lithium
disilicate (Lizo . 28102). In case lithium silicate
(Li,O0 «+ SiO,) is used, the glass-ceramic has a poor

2 2
chemical durability so that it has a serious practical
problem. Further, in forming of the landing zone, a
pari of the substrate (i.e., landing zone) is
crystallized and is subjected to chemcial etching by
using 6% solution of HF, However, forming of the
substrate with an uncrystallized part and a crystallized
part makes the substrate instable mechanically as well
chemically. As for chemical etching by HF solution, it
is difficult to control conqentratidn of the HF solution
because of evaporation and other reasons so that this
--method is not suitable for a large scale production of
products.!

Several methods are known for forming a landing



roghness (Ra) of 3 [err] to 9 [err] and al so cannot sufficiently cope with
t he above described tendency to |lowering of the anont of lifting of a

magneti ¢ head necessitated by - 6- rapid
i ncrease in the recording capacity. Besides, in this glass-ceramc, no
di scussi on about the | anding zone to be described later in this.-

specification is made at all. —Japanese Patent Application Laid-open

No. 7-169048 discloses a photo-sensitive glass-ceramc of a SiJerr] -
Li 20 system including Au and Ag as photo-sensitive nmetals characterized in
that a data zone and a Ianding zone are forned on the surface of a

tic disk t fqt
22?2?71’ I(:C [ IsSI [ tﬁltgubr%ﬂt saﬁt | cat e (Lt%fjgﬂrri%'ﬂsnl Ctr}gléasrgld(ﬂ or i t [ unﬁmgg} Sl <|§l(s::1 isk
(Liferr]O . 2Si Oseivsltrate.l N %&e anlt 1W)  Fdparise P(aue[:ﬁrr]@pn%aQ%)on s

used, the glass-ceramic has a poor cheni.cal durability so that 1t has
a serious practi qalid-opey ema d;tzrstdrwz d ilgt1 IsrsTia) gnedtfh ddhef d e Nl il i e
a part of the substrate (i.e., landing zone) is crystallized

and is subjected ltamddl‘n@mmmlneetmm n@ [marbon substrate by a pulsed laser
having a wavelength of 523 nm. In this case, however,
there are the following problems:
(1) A carbon substrate is formed by pressing at a high
pressure and burning at a high temperature 6f about 2600
°C with resulting difficulty in a large scale production
at a low cost.
(2) A carbon substrate has a high surface hardness and,
therefore, processing of end portions and ©precision
polishing of the surface are difficult with resulting
difficulty in a large scale production at a low cost.
(3) The forming of the landing 2one utilizes oxidization
and evaporation of carbon by the pulse laéer. Since
carbon is a material which causes a very strong thermal
oxidization reaction, the formed landing zone becomes
instable and thus it poses a serious problem in
reproduceability.

Japanese Patent Application Laid-open No. 7-65359
and United States Patent No. 6062021 disclose a method
for forming a landing zone on an aluminum alloy by a

_Pulsed .laser. The aluminum alloy has the above
described ‘pfoblems. Besides, the surface of the
substrate after irradiation of laser beam tends to have

a defect due to oxidization of a molten portion and



usi pg 6% sol ution of HF. However, formng of the substrate with an
uncrystallized part and a crystallized part nmakes the substrate instable
mechanically as well chemcally. As for chem cal etching by HF sol ution
it sis difficult to control concentration of the HF solution because of
evaporation .and ot her reasons so that this --nethod is not suitable for a
| arge scal e production of products. — 8 —Several nethods are known for
form ng a | andi ng -7- zone and a data zone
on the surface of a magnetic disk substrate. For exanple, Japanese
Patent Application Laid-open No. 6-290452 discloses a nmethod for formng
a landing zone on a carbon substrate by a pulsed |aser having a

wavel ength of 523remainingtbfssphash olfomeveen mehadeoar ¢ hieheufr@lalcewi ng
prablens: (1) A carbon substrate is forned by pressing at a high pressure
and burning at a high &npesaturthefefiboat 2680 pdbier€ wotth tasul pregent
difficulty in a large scale production at a low cost. (2) A carbon
substrate has a higvestiéncetharpnevidand, glahereesemicpsybsdsiatg ofoenda

portions and precision
magnetic disk which has eliminated the above described

disadvantages of the prior art magnetic disk substrates
and is capable of stably lifting a magnetic head in a
landing 2zone where the magnetic head performs the CSS
operation and is also capable of reducing the amount of
lifting of the magnetic head in a data zone for
realizing a high recording density of the data zone.

It is another object of the invention to provide a
magnetic disk formed by subjecting the magnetic disk
substrate to a film forming process.

It is another object of the invention to provide a
method for manufacturing the glass-ceramic substrate for
a magnetic disk.

Summary of the Invention

Accumulated studies and experiments made by the
inventors of the present invention for achieving the
above described objects of the invention have resulted
"in the finding, which has led to the present invention,
that a glass-ceramic obtained by subjecting to heat
treatment, within a specific temperature range, a base

“glass of a §i0, - Li,0 - K,0 - Mg0 - ZnO - P,0; - Al,O0,

2 Li20 - K20 - Mg0 - ZnO0 - P205
Al,0O

203 -~ ZrO2 system or a glass of either of these

system or a Sio



pol ishing of the surface are difficult with resulting difficulty in a

| arge scal e production at a low cost. (3) The form ng of the |anding zone
utilizes oxidization and evaporation of carbon by the pulse |aser.
Singe carbon is a material which causes a very strong thermal oxidization
reaction, the fornmed | anding zone becones instable and thus it poses
a serious problem in reproduceabitiftgy.— Japanese Pat ent
Application Laid-open No. 7-65359 and United States Patent No. 5062021

di sclose a method for formng a | anding zone on an alum numalloy by a
pul sed | aser. The alumnum alloy has the above described
problems.  Besi d98temst N@urtHetaeentalinihlze atsybaknattoal ber Nibadi @pipon
of laser beamtends to have a defect due to oxidization of a nolten
portion and MnO,, V,0., Cu0 and Cr,0,8as a IcOTRiriingd aglentPhash @f
molten metal on the?surf&cé. It is, t her ef ore, an object of
the present incewsital t oppaeei defa glidkercendrthd umubdtisdtid cfagre a (Li, 0+
magneti c di sk which has elimnated the above descri bed disadvantages i
the prior art magléoi,e,di sk sukedraceystal of lithium disilicate (Li,0-

28102) and alpha-quartz (alpha—SiOz) or a mixed crystal

2 2

cristobalite (alpha-8i0,) with fine globular crystal

grains, has an excellent flatness after polishing and is

of lithium disilicate (Li,O -« 28i0,) and alpha-

extremely advantageous for forming of allanding zone and
a data zone on the surface of the magnetic disk
substrate because it has an excellent processability
when it is subjected to processing by a laser (a CO2
laser or a laser diode pumped solid-state laser).

For achieving the object of the invention, there is
provided a glass-ceramic substrate for a magnetic disk
having a data zone and a landing zone, said landing zone
having a multiplicity of projections or depressions
formed by irradiation of laser beam.

According to the invention, a laser used is a CO2
laser or a laser diode pumped solid-state laser.

According to the invention, said laser diode pumped
solid-state laser is an Nd-YAG laser, an Nd-YVO, laser
or an Nd-YLF laser.

N In one aspect of the invention, a wavelength of
said laser diode pumped solid-state laser is within a

range of 0.2 um - 0.6 ym or within a range of 1.06 uym -

1.40 um.



and;is capable of stably lifting a magnetic head in a |anding zone where
the nagnetic head perforns the CSS operation and is al so capabl e of
aftosSieet dlas Bden R he magnetic head in a data zone for
reabl 2| ng a hi g mﬂ !I”HH"@ S|ty of the data zone. It is another
object of the i V|de a nmagnetic disk e )] 1ing
the magnetic dis strate to a fi+m¥0@rmng procesp! HIS §Hﬁﬁ]ﬁk§éﬁ% dt her
Obj ect of the invention to provide a nethod for manu acturREFbAQﬁ:Qa
gl ass-ceram c substrate for a magnetic disk. Summary of the Invention
Accunul at ed studi es and experinents nmade by the inventors of the present
I nvention for achieving the above described objects of the invention have
resulted in the findilng, wmathdéms dspecd tdE ptheeninvandhonons stihdhca
gl ass-ceram c obtained by subjecting to heat treatnment, within a specific
tenperature range;otglness (Raksof ot EOBlﬂi@irﬁurfaQE[eir}b)e Kpadih® zohMgO
ZnO -Plerr](err] - AlJerr](err] systen1 05 gerr] -ngerr]o K20 -
MO -ZnO - Plerk§o[erthin. a mange {rop@ s?%t%nﬁ #8pd aheighg opf ethper

of these . . -
projections or depres51ons formed by the laser beam in

the landing 2zone is within a range from 50 K to 300 A
and surface roughness (Ra) of the projections.-and
depressions is within a range from 10 X to 50 X.

In another aspect of the invention, interval of the
projections or depressions is within a range from 10 um
to 200 um.

In another aspect of the invention, a glass-ceramic

used is a glass-ceramic of a Sio2 ~ Lizo - K20 - Mgo -
Zn0o - P205 - A1203 system or of a Sio2 - Lizo - KZO -
Mg0 - ZnO - ons - A1203 - ZrO2 system.

«

In another aspect of the invention, a glass-ceramic
substrate for a magnetic disk is formed by subjecting to
heat treatment a base glass which consists in weight

percent of:

si0, 70 - 80%

Li, 0 9 - 12%

K,0 2 - 5%

- Mg0 + ZnO 1.2 - 5%

in which Mgo 0.5 - 5%
el "Zno ' 0.2 - 3%
P,0; 1.5 - 3%

A1203 2 - 5%



systens further
Vlerr](err],

phase of eith
crystal of lith
(al pha-Si @2) or
2SiJerr]) and
crystal grains

containing at least two of NNO, CoO, MJerr],

CuO and Cr[err](err] as a coloring agent has a crystal

er lithium disilicate (Li[err]O 2Siderr]), a mxed

ium disilicate (Li[err]O 2Sigerr]) and al pha-quartz
a mxed crystal of lithium disilicate (Li20

al pha- cristobal+tel 1(akpha-Si®2) wth fine globular

, has an excellent flatness after polishing and is

extrenely advantageous for formng of a |landing zone and a data zone
the surface of the magnetic disk substrate because it has an
essabi §ptyg. when it is subjected po procegsing by a | aser

excellent proc
(a C®2 |Iaser
achieving the o

or a |asér3diode punped solid-state |aser). For

bj ect @& _obhe invention, there is ppovidedim gl ass-ceranc

on

substrate for a nagneti% isk having a data zone and a | anding zone, said

| andi ng zone haai ngadnnuttyptati tghasepod) eaidogbass-depamsei obsingor aed
of | aser beam According to the invention, a |aser

by irradiation
used is a CO2

According to th
an Nd- YAG | aser
aspect of the i

| 4eestopne basbitUiouedpahbédasglKﬂi§Oat&SﬁQ§en. a mixed
e invention, said | aser diode punped solid-

nvention, a wavelength of said |aser diode punped

. rodic tate laser is
,craatadl- Yo ki thiunadésilbrate andyaFrhasenartz (alphane

solid-state |asefiPglwi ghdn & mhked eryotal pi libhpupm disidinphea radge

of 1.05 pm -

alpha-cristobalite (alpha—SiOz), and said laser being a
002 laser.

In another aspect of the invention, a glass-ceramic
substrate incltdes, in addition to the above described
ingredients, 0.5 - 5% of Zr02.

In another aspect of the invention, a glass-ceramic
substrate for a magnetic disk includes at 1least two
as a

v

ingredients of NiO, CoO, Mnoz, 295 Cuo, Cr,0

273
coloring agent.

In another aspect of the invention, a glass-ceramic
substrate for a magnetic disk is formed by subjecting to

heat treatment a base glass which consists in weight

percent of:

Si02 70 - 80%

Li20 9 - 12%

K20 2 - 5%

Mg0 + ZnO 1.2 - b%
hjn:which;MgO 0.5 - 5%
Zno - - 0.2 - 8%

P205 1.5 f 3%

Al,O 2 - &%

273



1.40 pm In anot her aspect of the invention,
surface roughness (Ra) of a polished surface of the data zone is
within a range from3 [err] to 9 A and height of the projections or
depkessions forned by the |laser beamin the landing zone is within a range
from50 Ato. 300 A and surface roughness (Ra) of the projections

and depressions is within a range f+om20-A to 50 A I n anot her
aspect of the invention, interval of the projections or depressions is
within a range from10 pm to 200 pm I n anot her aspect of the

I nvention, a glass-ceramc wused is a glass-ceramic of a SiJerr] - Li
[err]O - Klerr]0O - MO - ZnO - Plerr]O[err] - Aferr]O[err] systemor
of a Sigerr] - Li[err$ﬂze Klerr]O - MO - ZnO - & er¢]OLl®rr] -

Al jerr]err] - Zr(Jerr]”system I n anot her aspect. of the invention,

a gl ass-ceramc substhsy@,for a magnetic disk is fOrmed byXsubjecting to
heat treatnment a base glass which consists in weight percent of:

Sigerr] V,0p + CuO7p Crgdgo+ Mno,

+ Co0O + NiO 0.08 - 2.5%

in which V205 | 0.02 - 0.8%

Cu0O 0.02 - 0.8%

Cr203 . 0 -~ 0.8%

MnO2 0.02 - 0.8%

CoO 0 - 0.8%

Nio 0 - 0.8%

a main crystal phase of said glass-ceramic- being at
least one of lithium disilicate (Lizo- ZSioz), a mixed
crystal of lithium disilicate and alpha-quartz (alpha-
Si?z) and a mixed crystal of lithium disilicate and
alpha-critobalite (alpha—SiOz), and said laser being a
laser diode pumped solid-state laser.

In another aspect of the invention, a glass-ceramic
substrate includes, in addition-to the above described
ingredients, 0.5 - 5% of Zroz.

In another aspect of the invention, in the glass-
ceramic substrate, percent transmission by a laser diode
pumped solid-state laser of a wavelength of 1.06 um at a
thickness of 0.635 mm is 80% to 40%.

"= ¢ In "another aspect of the invention, a cristal

phase of thé giass-ceramic is a lithium disilicate (Li20'

ZSioz) or a mixed crystal of 1lithium disilicate and



Li O 9 - 12% Klerr] O

2- 5% MyO + ZnO 1.2 - 5% in which MgO

0.5 - 5% ZnO 0.2- 3% P205
1.5:-3% Alferr]Jerr] 2 - 5%

Sb[err] 8 0 - 1% As[err]Jerr]

0 - 1% a main crystal phase of said glass-ceramic being at |east one

of lithiumdisilicate (Li[err]O 2Si2), a mxed crystal of lithium
disilicate and al pha-quartz (alpha- Si(err]) and a m xed crystal of
lithiumdisilicate and alpha-cristobalite (alpha-SiJerr]), and said

laser being a CAPpKd-4@8Ltz (alphahspOQl hercagppeal Ogrhhfsi B¥enti; @R i uf
gl ass-ceram ¢ substrate includes, in addftion to the above descri bed

ingredients, 0.5 di&f4 pta¥s Rhave a globabathgrapnpeerusturBeanhavenhiven, aa
gl ass-ceram c substrate for a magnetic disk includes at |east two
| diameter within a range from 0.1 &®m to 0.5 yum, and
crystal grains of alpha-quartz have a globular grain
structure made of aggregated particles and have a
diameter within a range from 0.3 um to 1.0 um.
In another aspect of the invention, a cristal

-

phase of the glass-ceramic is a lithium disilicate (Li,0-

2
ZSioz) or a mixed crystal of 1lithium disilicate and
alpha-cristobalite (alpha—Sioz), crystal grains of
lithium disilicate have a globular grain structure and
have a diameter within a range from 0.1 um to 0.5 wum,
and crystal grains of alpha-cristobalite have a globular
grain structure made of aggregated particles aﬁd have a
diameter within a range from 0.2 um to 1.0 um.

In another aspect of the invention, a glass-ceramic
substrate for a magnetic disk is formed by subjecting to

heat treatment a base glass which consists in weight

percent of:

Si0, 70 ~ 80%
Li, 0 9 - 12%
K,0 2 - 8%
Mg0 + ZnO 1.2 -~ 5%
in which Mgo 0.5 - 5%
Zno | 0.2 - 3%
1.5 ~ %
P205 3
Zro 0.5 - &%

2



ingredients of NO CoO, MJerr], Vlerr]derr], QO CJlerr](Jerr] as
a coloring agent. I n anot her aspect of the invention, a

gl ass-ceram ¢ substrate for a magnetic disk is forned by subjecting to
heat treatnment a base gl ass which consists in weight percent of:

Sigerr] 70 - 80% Liferr]O
9 - 12% Klerr]O - 14 - 2- 5% MO + ZnO
1.2 - 5% in which MO 0.5 - 5% Zn0O
0.2- 3% Plerr]g err] 1.5- 3% Alferr]Jerr]
2 - 5% - 12 Sb[err]derr]
0 - 1% As [err]derr] 0 - 1%
V[err]O[err] + CuO +CAd@95+ M2 + CoO+ N@® - 5% 0.08 -
2.5% in which V[er%% err] 0.02 - 0.8% CuO
0.02 - 0.8% 20 o - 1x

As,04 0 - 1%

NiO 0.5 - 3%

CoO 6.5 - 3%

MnO, 0 - 0.5%

V205 0 - 0.5%

CuO 0 - 1x

Crzo3 0 - 1.5%

a main crystal phase of said glass-ceramic being at
least one of lithium disilicate (LIZO '25102), a mixed
crystal of lithium disilicate and alpha-quartz (alpha-
Sioz) and a mixed crystal of lithium disilicate and
alpha-critobalite (alpha—Sioz). and said laser being a
laser diode pumped solid-state laser.

In another aspect of the invention, in the glass-
ceramic, percent transmission by a laser diode pumped
solid-state laser of a wavelength of 0.2 uym - 0.6 um or
1.05 ¥m - 1.40 uym at a thickness of 0.6356 mm is 0X to
40%. '

In another aspect of the invention, a cristal
rhase of the glass-ceramic is a lithium disilicate (Lizo-
25i02) or a mixed crystal of lithium disilicate and
~alpha-qudftz_(alpha-Sioz) or a mixed cfysta} of lithium
disilicate and alpha-cristobalite (élpah-Sioz).

crystal grains of lithium disilicate have a globular



Crlerr] Qerr] 0 - 0.8% MhQO2

0.02 - 0.8% CoO 0 - 0.8% Ni O
O - 0.8% a min crystal phase of said glass-ceramc being at |east
one.of lithiumdisilicate (Li[err]O 2SiJerr]), a mxed crystal of

lithiumdisilicate and al pha-quartz (alpha- Sierr]) and a m xed crystal
of lithiumdisilicate and al pha-cri+ohlaite (al pha-Si Q2), and said |aser

being a |laser diode punped solid-state |aser. I n anot her aspect of
the invention, a glass-ceramc substrate includes, in addition to the
above described ingredients, 0.5 - 5% of ZrQ2. I n anot her aspect of

the invention, ingfdin Qéﬁsécturéeéﬂnﬁaﬂz'b&t&ﬁi:ﬁet@?rﬁ?'ﬂﬁxﬁr§n§gh§§' 0@1»9&4 a
| aser di ode punped solid-state |aser of a wavel ength of 1.

thi;ckness of 0.63b, cenis B0%I® AP0 ctyst@NOkPLIns AGPERY HB Ep?stobaﬂxte
invention, a cristal phase of the glass-ceramc is a FIthIUﬁ]dISI | cate

(Li20 2Sigerr])hare a 41 xeThwiyst al godin i ¢ et eisi dhgahgvanda diameter

- 13 - al pha-quartz (alpha-Sigerr]), crystal grains of |ithium
within a range from 0.10 ym to 0.50 ;m and crystal
grains of alpha-quartz have a globular grain structure
made of aggregated particles and have a diameter within
a range from 0.10pm to 1.00 um.

In another aspect of the invention, there is

provided a method for manufacturing a glass-ceramic
substrate for a magnetic disk having a data zone and a
landing zone comprising steps af:

melting a base glass which consists in weight

percent of:

3102 70 - 80%
L120 9 - lé%

K20 2 - bBx%

MgO + ZnO 1.2 - 8%

in which Mgo 0.5 - 8%
Zn0 0.2 - 3%

PZOS ' 1.5 - 3%
A1203 2 - b%
Sb203 0 - 1%
A5203 0 - 1%

forming the molten glass into a desired shape;
subjecting the formed glass to heat treatment for
producing a crystal nucleus under a temperature within a

range from 450cC to 550‘@ for one to twelve hours;



disilicate have a globular grain structure and have a dianeter within a
range from0.1 pmto 0.5 pm and crystal grains of al pha-quartz have a

gl obul ar grain structure made of aggregated particles and have a dianeter
within a range from0.3 pmto 1.0 pm In another aspect of the
invention, a cristal phase of the glass-ceramic is alithiumdisilicate
(Liferr]O 2Sierr]) or a mxed crystglgotlithiumdisilicate and

al pha-cristobalite (al pha-Si 2), crystal grains of |ithium
disilicate have a globular grain structure and have a dianeter within a
range from0.1 pmto 0.5 pm and crystal grains of al pha-cristobalite have
a globular grain structure nmade of aggregated particles and have a )
diameter within a rangeaftwér 0. 2upied oidg Otpé glass téfh@@?thﬁéa@ﬁPEth9£
the invention, a glass-ceramc substrate for a magnetic disk is formed by
subjecting to heatyd t£Bl neat i én basde gl &Stembé At eOOSYBLRIh NaVeABEE from

percent of: Sig{err] 0 70 - 80% Li[err]O
9 - 12% K20680 C to 750 C for one to twé&lve Ipdfrs; MO + ZnO

1.2 - 5% in which MO 0.5 - 5% ZnO

0.2 - 3% Plerr]mkishing the surface of the gl1ds6-to3% surZaé®
0.5 - 5%

roughness (Ra) within a range from 3 X_to 9 K: and
forming in the landing zone a multiplicity. of
projections or depressions by irradiation of laser beanm
by a CO2 laser, said projections or depressions having a
height within a range of 50 % to 300 % and a surface

roughness (Ra) within a range from 10 K to 50 K.

In another aspect of the invention, the method for
manufacturing a glass-ceramic uses a base glass which
includes 0.5 - 65X of Zro2 in addition to the above
described ingredients and uses a crystallizing
temperature within a range from 680 c to 780%.

In another aspect of. the invention, a méthod for
manufacturing a magnetic disk Substrate for a magnetic
disk having a data zone and a landing zone comprises
steps of:

melting a base glass which consists in weight

percent of:

Sio2 70 - 80%
. LiZQ' g9 - 12%.
Kzo 2 - B%
MgO + ZnO 1.2 - &%
in which Mgo 0.5 - bB%



-14- Al 203 2 - 5% Sb[err]derr]
0 1% i

0 - 1% As[err]Jerr] Ni O
0.5 - 3% CoO 0.5 - 3% M err]

0 : 0.5% 0 - 0.5% CuO 0 - 1%
Crlerr][err] 0 - 1.5% a main crystal phase
of said glass-ceramc being at least gnmp of lithiumdisilicate (Li[err]O
2Si 02), a mxed crystal of lithiumdisilicate and al pha-quartz

(al pha- Si2) and a mixed crystal of lithiumdisilicate and

al pha-critobalite (al pha-Si O2) and said | aser being a |aser diode
punped solid-state | aser. I n anot her aspect of the invention, in the
gl ass- ceramc, percent tyapsm ssion by a |aser digde punggd solid-state
| aser of a wavelength of 0.2 pm- 0.6 pmor 1.05 pm - 1.40 pmat a

t hi ckness of 0.635 M psp0% to 40% In anoghegr - aggect of the
I nvention, a cristal? %hase of the glass-ceramc is a lithiumdisilicate
(Liferr]O Al O 2 - bx%
273
Sb20_3 0 - 1%
A5203 0 - 1%
V205 + CuO + Cr203 + Mno2
+ CoO + NiO 0.08 - 2.5%
in which vzos 0.02 - 0.8%
Cuo 0.02 - 0.8%
Cr203 Q0 - 0.8%
Mno2 0.02 - 0.8%
Co0 0 - 0.8%
Nio 0 - 0.8%

forming the molten glass into a desired shape;

subjecting the formed glass to heat treatment for
producing a crystal nucleus under a temperature within a
range from 450°C to 550°C for one to twelve hours;

further subjecting the glass to heat treatment for
crystallization under a temperature within a range from
680°C to 750 C for one to twelve hours;

polishing the surface of the glass to a surface
roughness (Ra) within a range from 3 R to 9 ﬁ; and
_ forming in the 1landing zone a multiplicity of
projections-br.depressions by irradiation of laser beam

by a laser diode pumpled solid-state laser, said

projections or depressions having a height within a



2SI 2) or a mxed crystal of lithiumdisilicate and al pha-quartz

(alpha-Sigerr]) or a mxed crystal of Ilithium disilicate and
al pha-cristobalite (al pah-SiQ2), «crystal grains of lithiumdisilicate have
a globul ar - 15 - grain structure and have

a dianmeter within a range from 0.05 pmto 0.3 pm crystal grains of

al pha-cristobalite have a gl obul ar —gr aigh structure and have a di aneter
within a range fromO0.10 pmto 0.50 pmand crystal grains of al pha-quartz
have a gl obul ar grain structure nade of aggregated particles and have a
diameter within a range fromO0.10pmto 1.00 pm I n anot her aspect of
the invention, there is provided a nethod for manufacturing a

gl ass-ceram c sutmtget & ff Orsa ATaENEIAC Aliarid havisyr fadat acafithéd¥l a(Ra)

| andi ng zone conprising steps of: arelting @ base glass which consists
in weight percemitdfin a rangsi Gdrom 10 A to 50 A. 70 - 80%
Li[err]O 9 - 12% K20

2- 5% MyO + Zndn another aspect of jthe -invgmtion, the method for

manufacturing a glass-ceramic substrate uses a base
glass which includes 0.5 - 5% of ZrO2 in addition to the
aone described ingredients and uses a crystallréing
temperature within a range from 680éc to 7800C.

In another aspect of the invention, there is
provided a method for manufacturing a glass-ceramic
substrate for a magnetic disk having a data zone and a
landing zone comprising steps of:

melting a base glass which consists - in weight

percent of:

$10, 70 - 80%
Li,0 g -~ 12%

K,0 2 - 5%

MgO + ZnO 1.2 - 5%

in which Mgo - 0.5 - 5%
ZnO 0.2 - 3%

P, 0 1.5 - 3%

ZrO2 | 0.5 - 5%
A1,04 2 - 5%
$b,0, 0 - 1x

S aags, 0 - 1
NiO 0.5 - 3%

CoO 0.5 - 3%



I n which MO 0.5 - 5% Zn0O

0.2 - 3% Plerr]O[err] 1.5- 3%
Alferr]Jerr] 2 - 5% Sb[err]derr]

0 - 1% As[err]Jerr] 0 - 1%

formng the. nolten glass into a desired shape; subj ecting the forned

glass to heat treatnent for produci ngga crystal nucleus under a
tenperature within a range from450[err]C to 550[err]C for one to twelve

hour s; - 16 - further subjecting the
glass to heat treatnent for «crystallization under a tenperature within a
range from 680[err]Cyhg 750[err]C for one to twel \ve how.$x pol i shi ng

the surface of the glass2to a surface roughness (Ra) within a range from3
[err] to 9 [err]; andy,_o forming in the | andinggozoregasmul tiplicity of
proj ections or depress?oﬁs by irradiation of |aser beam by a CO2 |aser,
said projections or depoessions having a height wit n-aifange of 50 [err]
to 300 [err] and a surface roughness (Ra) within a range from10 A to 50
[err]. Cr,0 0 - 1.5%

273

forming the molten glass into a desired shape;

subjecting the formed glass to heat treatment  for
producing a crystal nucleus under a temperature within a
range from 450°C to 550'% for one to twelve hours;

further subjecting the glass to heat treatment for
crystallization under a temperature within a range from
680°C to 750°C for one to twelve hours;

polishing the surface of the glass to a surface
roughness (Ra) within a range from 3 g to 9 X; and

forming in the 1landing zone a multiplicity of
projections or depressions by irradiation of laser beam
by a laser diode pumpled solid-state laser, said
projections or depressions having a height within a
range of 50 ﬁ to 300 K and a surface roughness (Ra)
within a range from 10 X to 50 X.

In still another aspect ﬁf the invention, there is
‘provided a magnetic disk having a fil@ of a magnetic

media formed on said glass-ceramic substrate.



I n anot her aspect of the invention, the method for manufacturing a

gl ass-ceranic uses a base glass which includes 0.5 - 5% of ZrQ2 in
addition to the above described i ngredients and uses a
crystallizing tenperature within a range from680[err]C to 780[err]C.

I n anot her aspect of.the invention, a hod for nmanufacturing a magnetic
di sk substrate for a nmagnetic disk ha g a data zone and a’l andi ng zone
conprises steps of: nmelting a base glass which consists in weight
per cent of: Si 02 70 - 80% Li O

9 - 12% K 20

_ , . 2- 5% . MO + gno
1.2 - 5% in which Mmthe composition of thepgkass-egramic "substrate of
i.é7 ) 3% | A&T%%P?%Y%?F}OD is expressed og'ghé bgg%s of g@gﬂg g{Fgﬁl
Sblerr]Oerr] of oxides asoin ftslggse glass. The above described
content ranges of the respective ingredients have been
selected for the reasons stated below.

The 8i0, ingredient is an important ingredient

which produces lithium disilicate (Lizo + 28i0,), alpha-

2
quartz (alpha-Si0,) and/or alpha-cristobalite <(alpha-

2

Sioz) crystal as a predominant crystal phase when the
base glass is subjected to heat treatment. If the
amount of this ingredient is below 70%, the crystal
produced in the glass-ceramic is instable and its
texture tends to become too rough. 1f the amount of
this ingredient exceeds 80%, difficulty arises in
melting and forming the base glass.

The Li20 ingredient is also an important ingredient
which produces lithium disilicate (Lizot 2Si02) cystal
as a predominant crystal phase by heat treating the base
glass. If the amount of this ingredient is below 9%,
growth of this crystal becomes difficult and melting of
the base glass becomes also difficult. If the amount of
this ingredient exceeds 12%, the grown crystal of the
glass-ceramic becomes instable and its texture tends to
become tgo rough and, besides, chemical durability and
.ha;dness of the glass-ceramic are deteriorated.

The K

20 ingredient improves melting property of the

base glass and prevents crystal grains from becoming too



As203 0 - 1% Vlerr]err] + CQuO

+Cr[err]err] + M err] + CoO+ NN O 0.08 - 2.5% in
which V[err]Jerr] 0.02 - 0.8% CuO

0.02 - 0.8% G 0 0 - 0.8% M2
0.02 - 0.8% coo 0O - 0.8% Ni O

0 - 0.8% formng the moltengl@ds into a desired shape;

subj ecting the formed glass to heat treatnent for producing a crystal

nucl eus under a tenperature within a range from450 Cto 550 C for one to
twel ve hours; further subjecting the glass to heat treatnent for
crystallization under a tenperature within a range from 680 Cto 750
[err]C for one torewshve hbfirsthe amoupd| pEhithjst Aasredignd ds bied oyl a2%,t o
a surface roughness (Ra) within a range from3 kerr] to 9 A, and

forming i-n the | aklgngabowe afﬁﬁP$$pPFBP9§ be optajisedi owbeseagepr ddsi dhe
by irradiation of |aser beam lLaser di ode E@l npl ed solid-state

laser, said pr®PeREEOAE 6P‘ﬁebP€§§ﬁ6ﬁ§th8§Fﬁ§d§ ghtthgi &Ny crystal

becomes too rough, there occurs change in the crystal
rhase and chemical durability is deteriorated.

The Mgo and ZnQO ingredients are imporiant
ingredients which have been found in the present
invention to cause a giobular crsytal grain of lithium

disilicate (Lizo *25102), alpha-quartz (alpha-Si0,) and

2
alpha-cristobalite (alpha-SiOz) as a predominant crystal
phase. If the amount of Mg0 is below 0.5%; that of Zno
is below 0.2% and the total améunt of MgO and ZnO is
below 1.2%, these effects cannot be obtained whereas, if
the amount of Mgo ?xceeds 5%, that of ZnO. exceeds 3% and
the total amount of Mg0O and Zn0O exceeds 5%, the desired
crystals cannot grow.

The on5 ingredient is an essential ingredient as
a nucleating agent for the glass-~ceramic. If the amount
of this ingredient is below 1.5%; sufficient forming of
a nucleus éannot be attained and a resulting crystal
will- become too rough whereas, 1if the amount of this
ingredient exceeds 3%, devitrification occurs with
resulting difficulty in mass production.

o The; A1203 ingredient improves chemical durability

and hardness of the glass-ceramic. If the amount of

this ingredient is below 2%, these effects cannat be



- 18- range of 50 [err] to 300 A and a surface roughness (Ra)
within a range from10 Ato 50 A I n anot her aspect of the invention,
the nethod for manufacturing a glass-ceram c substrate uses a base gl ass
which includes 0.5 - 5%of Zr(Jerr] in addition to the above described

I ngredi ents "and uses a crystallizing tenperature within a range from680 C

to 780 C. I n anot her aspect of "t He?i Aivention, there is - provi ded a
nmet hod for manufacturing a glass-ceramc substrate for a magnetic disk
having a data zone and a | anding zone conprising steps of: melting a
base gl ass which consists in weight percent of: Sigerr]
70 - 80% Li‘{%ﬁ'?]@d whereas, if the amounyrof thisgobngredient
2 - 5% MO + ZnO ) 1.2 - 5% in which MJO
0.5 - 5% exceeds 5%, melting propepty _i53ggeterxop?§p¢](1§@¢]

- 0, - 0
%'5 ) 36%6 ar %Eggification occurs and t%??gtoééggrystaf%éf%&%éifié1]
0O - 1%

D Q-spodumene (Li,0 + AL, 0, - 4810, %

In a case where the glass-ceramic substrate of the
present invention is made of a SiO2 - Li20 - Kzo - Mg0O -
Zno - P205 - Alzo3 - Zro2 system, the ZrO2 ingredieﬁt is
a very important ingredient which has been found in the
present invention to function as a nucleating agent in
the same manner as the P205 ingredient and moreover
significantly contribute to growth of fine erystal
grains and improve the mechanical strength and chemcial
durability of the glass-ceramic. If the amount of this
ingredient is below 0.5%, these advantageous results
cannot be attained whereas; if the amount of this
ingredient exceeds 5%, difficulty arises in melting of
the base glass and an unmelted portion such as ZrSiO4 is

produced.

The As,O, and/or Sb,0, ingredients may be added as
refining agents in melting of thé base glass. It will
suffice if each ingredient up to 1% is added.

In a case where forming of prajections or
depressions in the landing zone is made by irradiation
of laser beam by a laser diode pumped.solid-staté laser,

h;déition of a coloring agent has bheen ‘found to be
indispensable for attaining a sufficient absorption of

laser beam. In a case where forming of projections or



CoQ. 0.5 - 3% - 19 -

vhQo2 0 - 0.5% Vlerr](err]
0 - 0.5% CuO 0 - 1% C 0
0 -~ 1.5% formng the nolten glass into a desired shape;

subjecting the formed glass to heat treatnent for producing a crystal

nucl eus under a tenperature within a ?éhgé‘fron1450 [err]C to 550 C for
one to twel ve hours; further subjecting the glass to heat treatnent
for crystallization under a tenperature within a range from 680[err]C to
750[err]C for one to twelve hours; polishing the surface of the glass
to a surface . 0 0 roughness (Ra)
within a range fAd6Rresgiomsy As ampde by 1 GRng iasenhe |addil horonefa a
mul'tiplicity of prg}qctions or depressions by irradiration of |aser beam
by a laser di &893 afedy iif stBRNLCESHEANY bukaihy ipropessibhe ofo
depressions having a height within range of 50 A to 300 [err] and a
sur f ace roughnes}grafiﬁzi‘)t% wid hidbaa ?1 %"?ﬁﬂ 0 [%r r§¥gemo {'éﬂ‘}‘.l”‘g a

coloring agent.

In the present invention, at least two different
coloring agents must be used from aﬁong NiOo, CoO, Mnbz,
V205, Cu0 and Cr203. The glass-ceramic of the invention
which includes a coloring agent can be classified into a
V205 - Cu0 - MnO2 system and a NiO - CoO system

depending upon the coloring agents used as essential

ingredients.
In the coloring agent sysfem of Vzo5 - Cu0 - Mnoz.
the V205, Cu0 and MnO2 ingredients afe essential

ingredients as tpe coloring agents for improving the
laser absorption effect without adversely affecting the
crystal microstructure of the glass when laser beam is
irradiated by a laser diode pumped solid~state laser for
forming of projections and depressions in the landing
zone. If the amount the respective coloring agents is
below 0.02%, this advantageous result cannot be obtained
vhereas, if the amount of the respective coloring agents
exceeds 0.8%, crystals grown tend to become too rough.
| + Cu0 + MnO

The total_amount of V20 should preferably

6 2
“be ° with{n' a range from 0.08% to 2.5%, In the laser
processing by a laser diode pumped solid-state laser,

percent transmission available at the laser wavelength



In still another aspect of the invention, there is provided a nagnetic
disk having a filmof a magnetic nedia forned on said glass-ceramc

substrate. - 20 - The conposition of the
gl ass-ceram c substrate of the invention is expressed on the basis of
conposition: of oxides as in its base glass. The above descri bed
content ranges of the respective ingredi4ents have been selected for the
reasons stated bel ow. The Si2 ingredient is an inportant

i ngredient which produces lithiumdisilicate (Li[err]O .2S ), alpha-
quartz (alpha-Sigerr]) and/or al pha-cristobalite (alpha- Si(err])

crystal as a predohidanemtryst the phiRe wHewOt heMnBaseys gemseolosedsabpest ed
to heat treatnent. I'f the anmount of this ingredient is below 70% the
crystal produced¢raRie gi%s%o%e¥%n4Q%i%tiﬁs?b%?é thiickpessteft 0635t mnds
to becone too rough. |f the anmount of this ingredient exceeds 80%
difficulty arisekt thisetelopinggen i fystem: haSE,GassCo00 and/gre NiO
Li[err]O ingrediegﬁ i s, al so an i nportant gngreg{ent whi ch produces
lithiumdisilicattP81$dEsnto mpp)becyRpLionatly pddedi nhpcausgst athpaase
by heat treating fhe Qgse

ingredients have an effect similar to the V205, Cu0 and
Mno2 ingredients. If the amount of each of these
optional coloring agents exceeds 0.8%, grown crfstal
grains tend to become too rough.

It has been found that a particularly preferable
percent transmission for sufficiently heating the glass-
ceramiec by a laser diode pumped solid-state laser
without excessively increasing the laser output at the
iaser wavelength used for this purpose (i.e., 0.2 um -
0.6 um or 1.05 um - 1.40 um) is 0% to 40% at a plate
thickness of 0.635 mm. By determining the percent
transmission at a value witﬁin this range, laser
irradiation time can be held to the minimum and
therefore an excessive stress is not produced in the
surféce portion of the substrate whereby forming of
projections or depressions can be achieved in a stable
manner while ensuring a large scale production of the
substrate.

This preferable percent transmission of 0% to 40X
can be realized by using the NiO - CoO system as the

coioring agents. |

In the NiQO - Co0O system, the NiO, CoO, V 05, MnO

2 2’

Cu0 and Crzos ingredients are used as coloring agents



gl ass. If the amount of this ingredient is below 9% growth of this
crystal becones difficult and nelting of the base gl ass beconmes al so
difficult. If the amount of this ingredient exceeds 12% the grown crystal
of the glass-ceram c becones instable and its texture tends to becone too
rough and, besides, chem cal durability and hardness of the gl ass-ceramc

are deteriorated. The Kl err] O+n@®dient inproves nelting property of
the base glass and prevents crystal grains from becom ng too
- 21 - rough. If the anmount of this ingredient is below 2% the

above effects cannot be obtai ned whereas, if the anmount of this ingredient
exceeds 5% the grown crystal becones too rough, there occurs change in

the crystal phaseoand efpfbeahgdutBbi | ih¥ers d8k6FpRiahedeffect THA thoMdO
and ZnO ingredients are i nportant ingredients which have been

found in the padsenselynvasfeening thesmiargkabukanurer s\t alth® aigryeftal
lithium disilicate(Li[err]Q 2Si @), alpha-quartz (alpha-Siderr]) and
al pha-cri stobal i tphéskphae®i CRheasghapsedodni nfinrméngst alf phajectiohis t ke
anount of MgO is below 0.5% that of ZnO
depressions in the landing zone by a laser diode pumped
solid-state laser. The NiO and CoO ingredients,
particularly the CoO ingredient, are imporiant
ingredients which absorb laser light at the wavelength
of 0.2 pym - 0.6 um and 1.06 ym - 1.40 um and thereby
reduces the percent transmission o0f the glass-ceramic
substrate. it has, however, been found that there is
limitation in absorption by the CoO ingrediént alone in
any of these wavelength ranges with the result that the
percent transmission cannot be sufficiently reduced and
that, by coexistence of the NiO ingredient with the-Coo
ingredient, the percent transmission is reduced
significantly in all of the wavelength ranges and the
percent transmission of 0% - 40X can thereby be
achieved. Therefore, both the NiO and CoO ingredients,
are indispensable ingredients for achieving the desired
range of percent transmission.- [If the amount of the
respective ingredients is below 0.5%, the desired effect
cannot be attained whereas if the amount of the
respective ingredients exceeds 3%, the grown crystal
“grains tend to become too rough. .
The Mnbz,. V205, CuO and Cr203 ingred;ents may also
be added because they are also effective for



I's below 0.2% and the total anmpbunt of MO and ZnO is below 1.2% these

ef fects cannot be obtai ned whereas, if the amount of MO exceeds 5% t hat
of ZnO exceeds 3% and the total anobunt of MyO and ZnO exceeds 5% the
desjred crystals cannot grow. The P205 ingredient is an essenti al

I ngredient -as a nucleating agent for,the glass-ceramc. |If the anount of
this ingredient is below 1.5% sufficig t formng of a nucleus cannot be
attained and a resulting crystal wll- beconme too rough whereas, if the
anount of this ingredient exceeds 3% devitrification occurs wth

ot oves chem cal O ABERIAPE afdCRINARC S B PRECSTds SFARAMASE LOh | BY, no
f hi s i ' S Ab Q f.f
232 obtai néheohEP Y LpoRhRReglkn'vdr o, T4 BhET AHBUAY odyansatinogs,

mel ting _property . tg4;dgtelkeealigdo.s30d %iB?Eﬁhiﬁgbgnjgi S %&9 Li9e

grown crystal changes to beta-spodunene (Li[err err

D g case whele Wi JLARY CRYAMkReouRsbaiRgRbdilRt PLOSRN reBYRUYIRIY]
grown crystal grains tend to become too rough and
percent transmission is adversely affected. If the
amount of the V,0. ingredient exceeds 1.5%, grown
crystal grains tend to become too rough and colaring of
the glaés-ceramic is adversely afftected by the
reduction effect peculiar to V205 in the heat treatment

for crystallization. |
For manufacturing the glass-ceramic substrate for a
magnetic disk, the base glass having the above described
composition is subjected to heat forming and/or cold
forming, is heat treated for producing a crystal nucleus
under a temperature within a range from 450‘t'to 550 °C
for about one to twelve hours and is further heat
treated for crystallization under a temperature within a
range from 680 to 780 C for about one to twelve hours.
The glass-ceramic which has been crystallized under
the above described conditions is either lithium
disilicate (Li20 '25102), a mixed crystal of 1lithium

disilicate and alpha-quartz (alpha-Si0O,) or a mixed

2
crystal of lithium disilicate and alpha-cristobalite

'Eafpha-Sioz), The crystal grains of lithium disilicate

have a globular grain structure and have a diameter

within a range from 0.1 um to 0.5 um in the system



ZnO - P205 - Alferr](err] - ZrQ2 system the ZrQ2 ingredient is a very
I nportant ingredient which has been found in the present invention to
function as a wsﬁgg|n age in the same manner as the P205

nt
i ngr edi ent oci Kepl ficantly contribute to growth of fine
crystal gralns B [ mlﬂ
durability of th

e mechani cal strength and chential

C. tf BRe &anount o s
bel ow 0.5% these advantageous results cannot BE]j gdr eas,
if the ampunt of this ingredient exceeds 5% d fflCLHELPyA%EQ ses i|n

melting of the base glass and an unnelted portion such as ZrSTO4 1's

pr oduced. The As203 and/or Sb203 ingredients nay be added as
refining agents whiakel thasy afo tdvd drcdigeg Hgesst or |lHasv the cafdriegi fagegeh
ingredient up to 1% is added. In a case where formng of
projections  or sydhgmessi dhDd m tGud |arNidyg amchea i di matier byi thimdaat ange
of |l aser beam by a | aser di ode punped solid-state |aser, addition of a
col ori ng agent hdFofee® . dund um Hd.3thdi ghemsadie -‘ﬂtﬁte}mt\mmmg las the

sufficient absorption of |aser beam In a case where form ng of
projections or coloring agent system of NiQ -»LaO. The crystal grains

of alpha-quartz have a globular grain structure made 6f
aggregated particles and have a diameter within a rénge
from 0.30 um to 1.0 um. The crystal grains of alpha-
cristobalite have a globular grain structure and have a
diameter within a range from 0.20 Um to 1.0 wum in the
system which has no coloring agnet or has the coloring
agent system of V,0. - CuO - MnO, and a diamter within
a range from 0.10 ¥m to 0.50 um in the system which
has the coloring agent system of NiO - CoO.

Owing to the specific composition and the specific
crystal phase and grain diamter described above, the
glass-ceramic substrate according to the invention has
the melting point within a range from 950 °c to 1150 °c
and other conditions which are most suited to stable
forming of projections or depressions by irradiation of
laser beam as described later. ’

The glass;ceramic obtained by the above described
heat treatment is subjected to conventional lapping and
palishing processes and thereupon a glass-ceramic
‘substrate for a magnetic disk having a surface roughness

. ] o
(Ra) within a range from 3 A to 9 A is provided.

The glass-ceramic substrate is then subjected to



depressions is mde by a CJerr] laser, addition of a coloring
agent is wunnecessary but it is possible to irradiate a CO2 |aser
beamon a system including a coloring agent. In the present

i nvention, at least two different coloring agents nust be used from anong
NiO CoO MrJerr], Verr](err], CuOand Cr[err]Jerr]. The

gl ass-ceram c of the invention whicCh 2t Tdes a col oring agent can be
classified into a V[ferr]dJerr] - CuO - M2 system and a N O - CoO
system depending wupon the coloring agents used as essential

I ngredients. In the coloring agent systemof V205 - CuO - Mi(Jerr],
the V[jerr] 05, tho rrogiesnd efoTMiRgge EdPERISCt hoRSs @EsdpPrepsions in
ingredients as the coloring agents for _inmproving the |aser absorption
ef fect without adtfseldndin@cefng bynd CQQSEP&PT A cRolepOEt diedef pimped
gl ass when | aser beﬁn& I S ir{adiated by a | aser di ode punped solid-state
laser for form n¥Pbtdpsbptet!®%&T and depressions in the landing zone.

| f the anpbunt the respgctive colorin en Ls,, belpw 0.02% this

advant ageous resul t cgﬁﬁ%t g%?%%ta?%@ﬁ?gﬂﬁéﬁe%t,t?? tﬁ%sﬁﬁnué}°6? t Rumped
respective colori e exc 0.8% ,crysta [ end to,.becone too
rough. The totalgghg%n€£%$eV[ef€¥%fer$f21 C%ﬁ)+¥ﬁ5@ﬁgéﬂoéfﬁjeﬁgé?g§abl9r
be within a rangégp 894t 2y 5% ;.. Ln €; | rpocessi b

| aser di ode punped s%%%%is %t%ﬂlgg%rfgi%g?%eﬁ?ﬁ?rhﬁsﬁfﬁgfgﬁ g@a?faﬁ?é'étg
the laser wavelenghh - 0.6 ym or 1.06 um - 1.40 m. By irradiation of

laser beam of this wavelength, projections or
depressions having height within a range from 50 K to
soo £ and a surface roughness (Ra) within a range from
10 K to &0 K are formed in the landing zone at an
interval within a range from 10 um to 200 um. Thus, a
glass-ceramic substrate for a magnetic disk as shown in
Fig. 1 which has a landing zone formed with projections
or depressions hav{ng height within a range from 50 3 to
300 X and a data zone which has an excellent smooth
surface can be provided. In Fig. 1, a glass-ceramic
substrate 1 has a landing zone 3 provided outside of a
central opening 5 and a data zone 2 provided outside of
the landing zone 3. Reference character 4 designates a
portion called fring“ formed inside of the landing zone
3. Fig. 2 shows a shape of projections or depressions
formed in the landing zone. Fig. 3 shows a shape of
projections formed in the landing zone. Fig. 4 shows
h}néerval ef projections or depressions formed in the

landing zone. Fig. 5 shows height of projections or

depressions formed in the landing zone.



- 24- (1.06 pm of the V205 - CuO - M2 system colored glass- ceramc
is 80%to 40% at a plate thickness of 0.635 mm In this coloring agent

system Cr[err]derr] CoO and/or N O ingredients may be optionally
added because these ingredients have an effect simlar to the
Vierr]Jerr], CuOand WMQO2 ingredients. If the anount of each of
these optional coloring agents exce&edd 90.38% grown crystal -grains tend to
becone t oo rough. It has been found that a particularly preferable

percent transm ssion for sufficiently heating the glass- ceramc by a
| aser di ode punped solid-state | aser wthout excessively increasing t he

| aser output at the |aser wavel ength used for this purpose (i.e., 0.2 .pm-
0.6 pmor 1.05 pm - lBsers pener aoby Ao tar Fupfage Ch#ﬂ&ﬁkne%!SCh ofas
0.635 mm By determning the percent. transnissjion val ue

within this rar?g'etti“ﬂ'aséfelqir“r%dlaa’tq d?l‘c'f‘?i?ﬁoc"c%\srlm%e"fh%l'ﬂat‘mlal hare
m ni mum and th refqredgg excessj ve stress | not roduced in the
surface portion &1 %55 Bk h%AN Herl@RFForki ‘f]ogﬁ ep‘i’of’ébt‘?’Eﬁ?s‘"%‘F laser

ggglr gsz'rggﬁctc?gnngrffhgleavseedr D\ G SRR Sea BINR-0LLE BISHI NG @ Jarge,

found that, in the laser processing for the glass-
ceramic of the invention, suitable lasers are limited to
the }aser diode pumped solid-state laser and 002 laser
because the Ar laser and excimer IIaser produce an
unsuitable shape of projections or depressions and also
cause a surface defect due to splashing of molten
material.

For forming projections or depressions in the
landing zone by the laser diode pumped solid-state laser

or the CO, laser, a polished glass-ceramic substrate is

2
rotated in a state clamped by a spindle and pulsed laser
beam is irradiated vertically on the surface of the
landing zone at a predetermined interval. .

In irradiating the pulsed laser, a spot diameter
within a range from 2 um to 50 uym is used in the case
of the laser diode pumped solid-state laser and a spot
diamter within a range from 15 um to 50 um is used in

the case of the CO, laser. Laser irradiation conditions

2
such as Iasér output and pulse width are controlled in
-accordance with the composition of the glass-ceramic
under processing.

Principal conditions which affect forming of



substrate. This preferable percent transm ssion of 0%to 40% can be
realized by using the NNO - CoO system as the coloring agents. I n
the NNO - CoO system the NO CoO V[err]derr], M2, CuO and
Cr[err]derr] ingredients are used as coloring agents

- 25 - for I nproving the |aser absorption effect wthout
adversely affecting the microstructure3® the crystal phase: of the
glass in formng of projections or depressions in the |anding zone by
a |l aser diode punped solid-state | aser. The N O and CoO

I ngredients, particularly t he CoO ingredient, are | mpor t ant

i ngredi ents whi chpadseebiémseroriderressibaswanethagshbsdfrate®. gupfree0. Bypm
and 1.05 pm- 1.40 pm and thereby reduces the percent transm ssion of
the gl ass-cerani cirsabbatber. of j t1ager beamesee (lheechasonndoubputihe(®)is
limtation in absorption by the CoQingredient alone in any of these

wavel engt h ranges!GR&bht & FasertPehse *Rd (Pirlaserisppsndsapehecanhot. be

sufficiently reduged and that, by coexistence of the NNO.ingredient with
the CoO he area of irradiation on the substrate surface. As for

material of the substrate, melting point of the glass
and that of the grown crystal affect forming . of
projections or depressions. Particularly, as fof the
material of the substrate for which the laser diode
pumped solid-state laser is used, the absorption
characteristics at the laser wavelength used (0.2 um -
0.6 wm or 1.06 wum - 1.40 um), that 1is, 1low percent
transmission at the laser wavelength used, is the most
important factor and other factors which affect forming
of projections or depressions are melting points of the
glass and grown crystal by laser.irradiation (heat-up).
For example, a substrate made of an ordinary glass in
which no crystal is grown does not selectively absordb
the used wavelength of a laser diode pumped solid-state
laser and therefore the surface of the substrate is not
heated up. with the result that no projections or
depressions can be formed. Even if this ordinary glass
is improved to a glass which <can absorb the used
wavelength of the laseg diode pumped solid-state laser,
the melting point of this glass is lower than the
meiting point of a glass-ceramic as éhown in the

following Table 1 and, as a result, a melted portion of

the glass becomes. instable when it is subjected to



I ngredi ent, the percent transm ssion S reduced significantly in
all” of the wavel ength ranges and the percent transm ssion of 0% - 40%
can thereby be achieved. Therefore, both the Ni O and CoO ingredients
are.indi spensabl e ingredients for achieving the desired range of percent
transm ssion. |If the anbunt of the respective ingredients is below 0.5%
the desired effect cannot be attarned81 whereas if the anmount of

the respective ingredients exceeds 3% the grown crystal grains tend to

beconme too rough. The M err], V[err]derr], CuOand C[err](err]
I ngredients may al so be added because they are also effective
for - 26 - conpl enenti ng reduction of the

percent transm ssiiemrady attiled Nio® ands@Obdum e ettist it |{st hei aapendtt of ¢o
thg MnQ2 ingredient exceeds 0.5% that of the CuO ingredient 1% and that
of the Cr[err]d ercopntirgr edifentmihgs% reeSpeqiraidgtioys owoxrr ysd&pr ¢¢ €4 owes .
tend to becone too rough and percent transmssion is adversely

af f ect ed. I f tBesidesunt a omicrieeradker igahr ris ippduakceaht bexcHesismal
1.5% grown crystal grains tend to become too rough and coloring of the
gl ass-ceranic is8tradver hebweedf fa garddomywhigiheis irradiated with laser

beam and a portion which is not irradiated significantly
reduces strength of the substrate. In the case of a
glass-ceramic substrate, the type of a crystal grown
significantly affects the melting point of the glass-
ceramic. The glass—ceramic substrate according to the
invention has a higher melting point than the substrate
made of a glass and hence projections or débressions can

be formed in a stable manner by irradiation of laser

beam. In contrast, conventional glass-ceramics such as
those of Mg0O - A1203 - Sioz,.ZnO - A1203 - Sio2 and Li20
- A1203 - Si02 systems do not selectively absorb the

used wavelength of the laser diode pumped solid-state
laser and therefore it is not possible to heat up the
substrate surface thereby to form projections and
depréssions. Even if these conventional glass-ceramics
are changed to materials which absorb the used laser
wavelength, it will be necessary to perqum the laser
processing with a high output since the melting points
of these materials are higher than the glass-ceramic of
““the presénf invention as shown in the following Table 1.
As a result; in these glass—-ceramics, microcracks due to

strain will be generated and forming of projections or



reduction effect peculiar to Verr](Jerr] in the heat treatnent for
crystallization. For manufacturing the glass-ceram c substrate for a
magneti c di sk, the base glass having the above described conposition is
subj ected to heat form ng and/or cold formng, is heat treated for
produci ng a crystal nucleus wunder a tenperature within a range from 450 t
to 550 [err]C for about one to twelve3Rours and is further heat treated
for crystallization under a tenperature within a range from680 [err]C to
780 C for about one to twelve hours. The gl ass-ceram ¢ which has been
crystallized under the above described conditions is either l'ithium
disilicate (Li[denr@essaQin®) of a aridesd mad/sshedpe ofill i theaame disx tremd by
and al pha-quartz (alpha-SiQ2) or a mxed crystal of lithiumdisilicate
and al pha-cri st oSdlfificultal pha-Siqerr]) The crystal grains of |ithium
disilicat.e have a globular grain structure and have a dianeter wthin a
range from0.1 pmto 0.5 pmin the sys'liaé?ﬁe 1

- 27 - whi ch has no col oring agent or has the colorin% agent
" Melting point

. g ]
A1203 Slo2 glass 800 C - 900 C
Mg0 - Al,0, - SiO2 : -
glass cefafic 1300°C - 1400°C
Zno - Al,0, - SioO, o
glass-cefaflic 1250 °C - 1350 ¢
Li,0 - A1,0, - SiO
gléss-cerimic 2 1300°%C - 1400 C

- 1150 ¢

Glass—-ceramic of the present invention 950‘%

The glass-ceramic substrate formed with projections
or depressions in the landing zone by the laser
processing is then subjected to a film forming process
which 1is known per se and thereby is formed into a high
recording densiiy magnetic disk. More specifically, the
glass-ceramic substrate is heated in vacuum and then is
coafed, by a sputtering process, with an intermediate
layer of cromium, a magnetic layer of cobalt alloy and a
protective layer of carbon and then is coated again with
a lubricating material layer on the surface of the
protective layer to provide a magnetic disk.

Examples of the present invention will be described
‘below witB reference to the accompanying drawings.

Brief Describtion of the Drawings

In the drawings,



systemof V[err]Jerr] - CuO- MiJerr] and a dimater within a range from
0.05 pm- 0.30 pmin the systemwhich has the coloring agent system
of NiO - CoQO The crystal grains of alpha-quartz have a gl obul ar grain
structure made of aggregated particles and have a dianeter within a range
from0.30 pmto 1.0 pm The crystal‘%rains of alpha- cristobalite have
a globular grain structure and have @ #HBameter within a range from 0. 20
pmto 1.0 pmin the systemwhich has no coloring agnet or has the
coloring agent systemof V[err]Jerr] - CuO- MJerr] and a dianter
within a range fromO0.10 pmto 0.50 pmin the systemwhich has the
coloring agent systemBig&N D isCaotop planCyiry od tthe sgadief iof coniposiitngon
and the specific crystal phase and grain dianter descri bed above, the

gl ass- cerani ¢ sub%PRat andcaoraitagzeset fermadeatitsidigad f eheeanding ing gesiime
Wi thin a range fron1950[errLC to 1150 [err]C and other conditions which
are nost suited t®fstaBl eBlPOFRFAGEBECpr BPBEEFBAE of CdeprlesMadge e disk
irradi ation of | aser €ean1gs gﬁsctibed | at er. The gl ass-ceram c
obtained by the2CaREILNEGELCFPBedNVRBAAOPreat ment is subjected to

conventional | appin d olishin rogcesse and her.,eupgn a
gl ass-ceranic ggbs?rggégfgraa hﬁggétgschERaiaVFﬁg §%8§P§g§3ﬁ§\ﬁhﬁ¥%a of

i S LougtnespBTeLh bbafel 4BFhETE] Bofgh iy "B WA cone;
Fig. 3 1is a sectional view showing the shape of
projections formed in the landing 2zone:
Fig. 4 is a sectional view showing the interval of
projections and depressions formed in the landing zone;
Fig. 5 1is a sectional view showing-the height of
projections and depressions formed in the landing zone;
Fig. 6 shows an SEM (scanning electron microscope)
image of the crystal structure of the glass-ceramic' of
Example 8 aof the present invention after HF etching;
Fig. 7 shows an SEM image of the crystal structure
of Comparative Example 2 of a prior art glass-ceramic
after HF etching;
Fig. 8 1is an SEM image of Example 10 after
irradiation of laser beam by a laser diode pumped solid-
state laser (Nd-fAG laser with laser wavelength of 1.064
Km); |
Fig. 9 is an SEM image of Example 3 after
irradiation of laser beam by a CO, laser;
‘ Fig. 10 is an SEM image of & prior'art alumino-
silicate tempered glass after irradiation of laser beam

by a CO, laser; and

2



- 28- the process of formng of projections or depressions in the

| aridi ng zone by a CJ err] laser or a | aser diode punped solid-state |aser.
The | aser wavel ength of the | aser di ode punped solid-state | aser used
in_ formng Projections or depressions in the landing zone is limted to
either 0.3 pm - 0.6 pmor 1.05 pm-_1.40 pm By irradiation of |[aser
beam of this wavel engt h, proréc?an§' or depressions having hei ght
within a range from50 Ato 300 and a surface roughness (Ra) within a
range from 10 Ato 50 A are fornmed in the |anding zone at an interval
within a range from10 pmto 200 pm Thus, a glass-ceram c substrate for
a magnetic disk as shown in Fig. 1 which has a |landing zone formed with
projections or depredSifons Haviifg a FEM vimagea of raamgd o @160 dlamina-o
300 A and a data zone which has an excellent snooth surface can be
provided. In Figilicate, iampered gfss alint rdfradi abom 9hinsey zdeams

provi ded outside_of a central opening 5 %Qd a data zone 2 provided outside
s -
lé%%ﬂﬁ r lfkﬁaﬂ

of the I anding Pdhe &. 1a8&Ter &8 Shithees @sedort i O G ed

;;iojng;t}cg;gegrig idsgesrg}c {1 lla.asnedxj nwqczvzeolneengt?i-i ofidg.'%bz SuhmO)V\.’S a shape of
Examples
Preferred examples of the glass-ceramic substfate
according to the invention will now be descriﬂed.
Tables 2 to 4 show exampls (No. 1 to No. 7) of
composition relating to the system which 1includes no
coloring agent and the system which includes the V205 -
Cu0 -~ Mno2 coloring agent system together with the
temperature of nucleation, temperature of
crystallization, .predominant crystal phase, grain
diameter of crystal grains, color appearance of the
glass-ceramic, percent transmission of laser wavefength
1.06 ¥m of Nd-YAG laser at a plate thickness of 0.635
mm and percént transmission of laser wavelength 10.5 um,
type of laser used, surface roughness (Ra), Ra of the
landing zone after laser processing, Ra of the data zone
after laser processing, Ra of the data =zone after
palishing and height of projections or depressions. In

the subsequent tables, the amounts of the respective

ingredients are expressed in weight percent.



formed in the | andi ng zone. Fig. 3 shows a shape of projections
formed in the |anding zone. Fig. 4 shows interval of projections or
depressions fornmed in the landing zone. Fig. 5 shows height of

proj ections
°29

or

Lasers generally used forzsuf

depressions fornmed in the |anding zone.

ace change such as cutting,

| aser,

wel ding and m croprocessing of a material are <classified to an Ar
CJerr] laser, an excimer |aser anfabde [Paser di ode punped solid-state
| aser. It has been found that, in the |aser processing fo

ceram c of the invention, suitable |asers are
punped solid-state |aser and CJerr] |aser
exci mer | aser produceygan unsuitable shape of

ﬂy ass-

limted to Fﬁéﬁ?laser di ode
beck¥amdest he Ar | aser and
proj ections or depressions

and al so gguse a surface defect due g spl ashi ng % nolten naterial.
For fornmihyCarojections or depressiondPn the |afifng zone by’dhe | aser
di ode punpeglsolid-state laser or the.€Jerr] |asen, a polished

c substrate is

gIass-ce&a

rot at ed inla state clagged by a spE%dIe and

pul sed | aser$

Zr 02 1.5
A 12 03 3.5 2.5 3.0
MgO 1.2 2.3 2.5
ZnO 0.7 0.5 0.8
Kz() 2.8 3.5 4.0
V2 O5 0.4
Mn O2 0.4
CuO 0.4
C Ty 03
CoO
sz 03' 0.2
As2 03 0.3 0.2
nucleation temperature (°C) 520 540 480
crystatlization temperature (°C) 730 720 1710
color vhite green vhite
crystal phase and diameter L i2 S i2 05 L iz S iz 05 Li 9 S i2 O5
0.lpgm G.lpgm 0.lym
a —cristobalite  a —quartz
0.2p¢m 0.lpzm
erystal grain shape LiZSizo5 LiZSiZOS Li231205
globutar globular globutar
a —cristobalite a —ecrislobalite
globular globular
percent transmission 1.06 umT% 88% 829% 89%
10.5 £1mT% 0% 0% 0%
type of pulsed laser (302 YAG CO2
surface roughness (Ra) (A)
 landing zone 20 23 18
data zone 7 2 8
height of projections 290A 300 A 290 A

or depressions (A)

a



predeterm ned interval
di anet er

irradi ati on of

such
in
Pri nci pal

| aser

or depressions (A)

accordance with thel
condi ti ons

| aser

out put,
t hd area of

| aser.

engt h of
i r®adiati on oné he

beamis irradiated vertically on the surface of the |I|anding -zone at a
In irradiating the pul sed | aser,

within a range from2 pmto 50 pmis used in the case
| aser di ode punped solid-state | aser and a spot
from1l5 pmto 50 pmis used in
irradiation conditions
controll ed
processi ng.

a spot
of the

dianter within a range
the casd&é6ofF the CJerr]
as |laser aqutput and pulse width are
_ﬁﬂﬁﬁgsition of the glass-ceramc
whi ch affect
proj ections or depressions on the subsiy, Igisurface by
beam are (1) Fgﬁg
| aser spot di deeter, i.e.

Laser

under

f (weghn@s) of

| aser pul se

substratesgqgface. As for material ofjgighe substrate, neltingTPgint of the
and that of the grown crystal affect formng 0
projectidhdy @r depressions. ParticdPdriy, as flb® the nmatdPifal of the
substratepfq_ which the |aser diode ppmsped solidggtate lasepsis used,
the absorptidbn characteristics at thf | aser wavel ength used GQ.Z pm -
Zr 02 .5 N
A l2 03 2.5 3.5 2.0
MgO 2.0 2.8 2.0
Zno 0.5 0.5 0.5
K2 0 3.2 4.0 3.0
V2 O5 0.6 0.8
Mn O2 0.6 0.6
CuO 0.6 0.6
Cr 9 03
CoO
S b2 03 0.2 0.2 0.2
A s2 O3
nucleation temperature (°C) 540 450 480
crystallization temperature (°C) 700 6990 700
color green white green
crystal phase and diameter L i2 S i2 O5 L i2 S i2 O5 L i2 S i2 O5
0.Igm 0.2¢m 0.lpgm
a —quartz
0.lpym
erystal grain shape Li281205 lf..izfsizo5 L1281205
globular globutar globular
a —quartz
glohular
percent transmission 1.06 £umT9% 55% 88%% 53%
105 umT% 09% 0% 0%
type of pulsed laser YAG CO2 YAG
surface roughness (Ra) (A)
landing zone ' 22 17 21
data zone 4 3 5
height of projections 300A 280 A 300A



0.6 pmor 1.05 pm- 1.40 pm, that is, |low percent transm ssion at the

| aser wavel ength used, is the nost inportant factor and other factors
which affect formng of projections or depressions are nelting points of
the glass and grown crystal by laser irradiation (heat-up). For exanple,
a Substrate nmade of an ordinary glass - @7 which no crystal is grown does
not selectively absorb the used wavel ength of a | aser diode punped
salid-state laser and therefore th&bludface of the substrate is not
heated up with the result that no projections oeiglepgessi ons can be
formed. © Even if this ordinary glass |Is inproved to a glass which can
absorb the used wavel ength of the |aser diode pt#§ solid-state |aser,
the nelting point of fhis glass is lower than the 7nelting point of a

glass-cerapbc as shown in the followi ng Table 1 , as a result, a nelted
portion gf 2he gl ass becones instable when it is Subjected to
- 31 - LijOradiation of laser beamso that it i®-8ifficult to control
form ng p O proj ections or depressions. Begjdes, a mcrocrack which
is producéd by ther mal
Zr 02 1.5
A 12 O3 2.8
MgO 1.0
ZnO 0.5
K2 0 4.0
V2 05 | 0.1
Mn O2 0.1
CuO NiO 0.8
C rZ O3
CoO
S b2 O3 | 0.2
As 9 03 _
nucleation temperature (°C) . 520
crystaltization temperature (°C) 120
color dark brown
crystal phase and diameter L i2 S i2 O5
0.tgm
.a—quartz
0.324m
erystal grain shape L iz S i2 05
globular
a —quartz
globular
percent transwission 1.06 zmT% 41%
10.5 umTZ% 0%
type of pulsed laser YAG
surface roughness (Ra) (A)
fanding zone 20
data zone 3
height of projections 280 A

or depressions (A)



strain between a portion which is irradiated with |aser beamand a portion
which is not irradiated significantly reduces strength of the substrate.
In the case of a glass-ceramc substrate, the type of a crystal grown
sigpnificantly affects the nelting point of the glass- ceramc. The

gl ass-ceram'c substrate according to the invention has a higher nelting
point than the substrate nade of a gyl a8 and hence projections or
depressions can be forned in a stable manner by irradiation of |aser

beam In contrast, conventional glass-ceramcs such as those of MO -
Alferr]Jerr] - Si2, ZnO - Alferr](Jerr] - SiJerr] and Li[err]O -
Alferr]Jerr] - SiJerr] systens do not selectively absorb the used
wavel ength of the |aser diode punped solid-state |aser and therefore it is
not: possible to heat ufabhes sbBbior 8t showsegxampd est Kdoeby 8 tte Noor mi7) of
projections and depressions. Even if these conventional gl ass-ceramcs
are changed to rmafempgapétinngh nBdathnghdoudbs sysdem whichedged udies withie
be necessary to performthe |aser processing with a high output since the
mel ting points oVNiPheseChBt efPAPELREc2BRYRcEYERER t ARG 4¥9- ceoapiaradfive
the present invention as shown in the following Table 1. As a result, in
these gl ass- cer anf¥&mMPhes, ofackBequBTEET §fﬁagﬁzﬂ M Sp@agefdEdedy #i@ss-

Forming of projectionz O (rapanese Patent Application Laid-apen No. - Sho

62~-72547, Comparative Example 1 and Japanese Patent
Application Laid-open No. Sho 63-210039, Comparative
Example 2) together with the temperature of nucleation,
temperature of crystallization, predominant crystal
prhase, diameter of crystal grains, shape of crystal
grains, color appearance of the glass-ceramic, average
percent transmission of laser wavelength 0.02 ym - 0.6
um and 1.05 um - 1.40 ym of the laser diode pumped
solid-state laser at a plate thickness of 0.635 mm,
surface roughness (Ra) of the data zone after polishing,
type of the laser diode pumped solid-state laser used in
the 1landing =zone, wavelength wused, and height and
surface roughness (Ra) of projections or depressions

formed by irradiation of laser beam.



- 32 - depressions of a desired shape wll|l beconme extrenely difficult.

Table 1 Melting point Al 203 -
Sigerr] glass 800[err]C -900[err]C MO -
Alferr]Jerr] - SiJerr] glass ceramc

1300[err]C -~ 1400 C ZnO - Al[err](err]- SiOglass-ceramc

1250[err]C - 1350 [err]C Li O -Al[errd¥Yerr] - SiOglass-ceranic
1300[err] G 1400 [err]C d ass-ceranmi c of the present invention 950[err] C
- 1150[err]C The gl ass-ceram c substrate formed with projections

or depressions in the landing zone by the | aser processing is

then subjected to a filmformng p;@:es whi ch is known per se and thereby
is formed into a high recording d ‘Jﬁt—é— magneti c di sk. More specgifically,
the glass-ceramc substrate is heated in vacuum and then é’%’ghtc%gt ed, by a
sputtering process, with an internediate |ayer Exdmplesoni um a nmagnetic

| ayer of” cobalt alloygand a protectivwe |ayer of carbon and th@n is coated
again wth qa lubricating material |ayef on the syrjace of theg gprotective
| ayer to_pro%i de a magnetic disk. 0.5 Exanpl es R,fﬁthe prese 5i nvention
wiil be &scP bed below with refer en’czesto t he acczc')grpanyi ng d 28.\5NI ngs.

P, O
er 02 _ L.5 1.5 1.5
Al_ O 2.5 2.5 2.5
Mgz() 3 1.6 L.2 1.0
ZnO 0.5 0.5 0.5
K, O 3.2 3.0 2.8
Nzi 8) 0.7 0.7 1.0
CoO 0.8 0.8 1.0
Mn 02 0.1 0.1
Vz O5 0.1 0.1
. Cu0 0.1 0.1
Cr, O 0.6 1.0
S b; 02 0.2 0.2 0.2
nucleation temperature (°C) 540 540 . 540
crystaltization temperature (°C) 720 730 710
color . dark blue dark blue dark biue
crystal phase and diameter Li2 Si2 05 Li2 Si2 O5 Li2 Si2 05
0.lpm 0.1zm 0.lpgm
crystal grain shape L1281205 LizSizO5 Li28i205
globular globular globular
percent transmission 0.2um
average value ~ 10.0 8.0 4.0
0.6um
1.05em
0.635 mm t ~ 35.5 34.0 28.0
1.40am
type of taser Nd: YAG Nd:Y\TO4 Nd:YAG
laser wavelength 0.532um 0.532um [.084m
height of projections
or depressians (A) : 250 A 280 A . 200A
surface roughness (Ra) ; ‘
of tanding zone 18A 19A 15A

surface roughness (Ra)
of data zone 3A 4 A 3A



Brief Description of the Draw ngs

- 833 -

Fig. 1 is atop plan view of the state of a | anding
a data zone fornmed outside of a centra
substrate
is a sectional

for a mangetic

formed in the | anding zone;

shape of
sect i onal

of

In the draw ngs,

openi ng

proj ecti
40 s—a secti

projections formed in the |anding zone:

view showi ng the interva
in the | andi ng zone;

Fi g.

structure of the glass-ceramc

after HF

et chi ng;

MnO2

V2 05

CuO

Cr 9 O3

sz 03

nucleation temperature (°C)
crystallization temperature (C)
color

crystal phase and diameter

crystal grain shape

percent transmission 0.2 m
average value ~
0.6pm
1.05m

~

1.0 m

0.635 mm t

type of laser

laser wavelength
height of projections
or depressions (A)
surface roughness (Ra)
of landing zone
surface roughness (Ra)
of data zone

5

proj ections and depressions for
shows an SEM (scanning electron mc

of

of
is a sectional

of
di sk according to the invention;
vi ew showi ng t he shape of

Fi go

Egg%gg t he | andi ng zone;
e) inmage of the, crystal
%%J%%tion

a glass-ceramc
Fig. 2
ons and depressi ons
onal view show ng the
Fig. 4is a

proj ections and depressions forned

vi ew show ng t he hei ght
Fig. 6

Exanpl e 8 of the preseffe!

Fig. 7 shows an SEM i magExagfles he crystal structure
of Conparative Exanpl §.2 of a prior artl gl ass-ceratd c

after HE3 et ching;
76.5 76.0 75.0
10.0 10.5 11.0
1.8 2.0 2.5
0.8 1.0 1.5
2.5 2.5 2.5
0.6 0.5 0.8
0.3 0.5 1.0
2.0 2.0 3.0
1.5 2.0 1.0
1.5 2.0 1.0
0.4 0.2 0.1
0.4 0.3
0.5 0.3 0.3
1.0 0.1
0.2 0.2 0.2
550 540 540
750 740 750
.blue black dark blue dark biue
Li2 Si2 05 Li2 Si2 O5 L12 Si2 05
0.lgm 0.lam D.lgm
a —eristobalite a —quartz a —quartz
0.tzm 0.2u4m 0.3zm
Li2 Si2 O5 Li2 Si2 05 Li2 Si2 05
globular globular globular
a —cristobalite a —quartz a —quartz
globular globular globular
5.0 7.0 8.0
10.0 13.0 30.0
Nd: YAG Nd:YVO4 Nd:YLF
1.084um {.064m 1.04Tpm
300A 180 A 150 A
20A 14A 13A
5A 7A 9A

zone and



Fig. 8 is an SEN image of Exanple 10 after irradiation of [aser beamby a
| aser di ode punped solid- state |aser (Nd-YAG |aser with | aser wavel ength

of 1.064 pm; Fi g. 9 is an SEM image of Exanple 3 after

irradiation of |laser beamby a CJerr] |aser; Fig. 10 is an SEM
image of a prior art alumno- silicate tenpered glass after irradiation
of laser beam by a COerr] laser; and41l — ' - 34-

Fig. 11 is an SEMinmage of a prior art alum no- silicate tenpered gl ass
after irradiation of |aser beam by a I|aser diode punped solid-state
| aser (Nd-YAG |laser with | aser wavel ength of 0.266 pm. Exanples
Preferred exanpl es of the gl ass-cera 'pe §ubstrate according to the
invention will now be described. Ta 2 to 4 show exaﬂplgﬁ gé)No.

to:No. 7) of conposition relating to the system which iHg b no

coloring . agent and the system which includes theEx#péssr]err] - CQuO -
M err] coloring agkmt system togetder with tHe tenperatlse of

1

nucl eat i oR; j 02 t enperature of 75.7 76.0 5.5
L 12 o] 10.5 10.5 10.7
Pz O5 2.5 2.2 2.3
yA rO2 1.5 .5 1.7
Al 9 03 2.5 2.3 2.2
MgO 1.6 1.5 1.8
ZnO 0.5 0.5 0.6
K2 0 3.0 3.0 3.0
NioO 0.8 1.0 1.2
CoO 8.8 8.9 0.6
Mn 02 0.1 0.1 0.05
V2 05 _ 0.1 0.1 0.05
CuO 0.2 0.2 0.3
C r2 03
S b2 03 0.2 0.2 0.2
nucieation temperature (°C) 530 500 480
crystallization temperature () 710 730 720
color - dark blue dark blue dark blue
crystal phase and diameter LiZSiZO5 Li23i205 Li2$i205
0.lgm 0.1lpgm 0.1lzm
a —quartz a —quartz
G.lgm 0.lpym
crystal grain shape LiZSizo5 Li281205 LiZSiZO5
globular globular globular
a —quartz a —quartz
0.1zm 0.lpgm
percent transmission 0.2u4m
average value ~ 8.0 10.0 7.0
0.6u«m
1.05am
0.635 mm t ~ 32.0 ' 36.0 31.0
I.40pum
type of laser Nd:YAG Nd:YVO4 Nd:YV’O4
laser vavelength . 1.064 4 m 0.532um 1.084pm
height of projections : :
or depressions (A) 100 A 150A 200A
surface roughness (Ra)
of landing zone LA 14A IBA

surface roughness (Ra)
of data zone 3A 4 A - 3A



crystallization,
crystal
transm ssi on of
t hi ckness of
type of

pmr
after |aser processing, Ra of the dat4Z2zone

the data zone after

In the subsequent tables, the ambunts of the respective
expressed in melght percent.
- 35 - Table 2
0 Table 8
(E;/cfllmg)lhtes ! (vpight %)
2" 3Si Je Examples Comparative Examples
75.8 NJ7-0 L i[err]O 7 1 2
29.° sio, 10-0 7.0 10 P[ZerrrbO[ e]rr] 82.0
. . r err
1.5 A [e‘rﬂ]gc?err] 10.5 ol 8.9
2.5 2 5 3.0 Wgo 2.0 1.9 2.5
1.2 ZrO2 2.3 1.6 2.5 7ZnO
0.7 Al, O 0.5 2.0 0.8 K[er$pO 3.1
2.8 Mg 3.5 1.0 4. QGa)lerr] qerr] L.5
0.4 thfgrj 0.3 3.8
0.4 CuO
Crlerr]§&r] ©0OSb [err](err] 32 €20 3.8
0.2 A s[BriArQQerr] 1.5 0.4 g Na, 0 1.8
0.2 CoO 1.5 Sr0
MnO2 0.1 0.4
V2 05 0.2 PbO
CuO 0.4 0.9
C r, 03 0.1
sz 03 0.2 As-2 O3 0.3
nucleation temperature (°C) 480 550 540
crystaliization temperature (C) 730 780 800
color - dark blue vhite vhite
crystal phase and diameter LiZSiZO5 Li2 81205 Li2 31205
0.lum 1.2m 1.5um
a —quartz a —crislobatite a —cristobafite
0.1lgm 0.5zm 0.3¢m
crystal grain shape Li28i205 128i20 LiZSiZO
globuiar acicular acicular
a —quartz a —cristobalite a —cristobalite
globular globular globular
percent transmission 0.2um
average value ~ 8.0 45.0 48.0
0.6 zm
1.052m
0.635 am t ~ 20.0 87.0 86.0
1.40um
type of laser Nd:YAG
laser wavelength . 1.064 2 m
helght of projections
or depressions (A) 80A
surface roughness (Ra)
of landing zone 10A
surface. roughness (Ra)
ol data zone 6A 4A 12A

grains,

| aser used,

pr edom nant
col or appearance of the
| aser wavel ength 1.06 pm of Nd- YAG | aser at a plate
0.635 mm and percent transm ssion of
surface roughness (Ra),

crystal

phase,
gl ass-ceram c,

grain

| aser

Ra of the
after

di anet er of
per cent

| aser wavel ength 10.5
| andi ng zone
processi ng, Ra of
pol i shing and hei ght of projections or depressions.

ingredients are

5

79.0

0.4



nucl eati on tenperature (O 520 540

480 crystallization tenperature ([err]C 730

720 710 col or

whife green white crystal phase and di aneter
Li2Si 2 Jderr] Lif[err]Si [err] (err] Li [err]Si [err]
gerr] — 43 — 0.1 pm .

0.1pm 0.1pm a
-cristobalite a -quartz

0. 2pm 0. 1pm crystal grain shape Li2Si
2 05 Li2Si 205 Li2 S 2 05

gl obul ar glrd! afianufacturing gilﬁé)L&Biss -ceramic substrates of
a -icristoballite a -crislobalite

gl obul ar . thegl cdhdwe pheseEnibéd ansxamspl en, 1. Obapeftals including
88% 62% 89% 10.5 p
mT % oXidés, carbonates amdonitrates are mixedOafdtmpbtes in
pul sed | aser CJerr] YAG

C 2 surface roughnedenyemhiqnygl mé¢bhninsgappaeatus at a temperature with
20 23 1 data zone

7 the range from about 13§D Eﬂnakﬁubrb$%@t¢onsThe molten
290A 300[ e 290A or depressions (A)

- 36- glass 1s s irred to homogenize 1| apnd thereafter formed
(wei ght % int disk \ sh a led t i

Exanpl es into a isk \shape and anneale 0 proyide a formed
?5_5 gla S' f%éf;;ltas formed glass is subjected to géa
10.0 P

>k tre%fgght to produce %Qg@zz$£%§géf?eﬁﬁileus under a
1.5 temperature within thelrén’\ge@xeérﬁ]@@"’é]to 550 °C for
2.5 3.5 2.0 O

2.0 abot?t 6one to twelve Ko¥rs dnd) then 1is subjected to
0.5 .5 0.5 Klerr]O

3.2 fu#%ﬁbr heat treatmen8. OfoV esrysi&IT{zation under a
0.6 0.6 M err]

0.6 Cu O temperature within the range from(6&0 C to 780 °C for
0.6 Crf[err] O[err] Co OSb[err](err] '
0.2 aboypt 2 one to twelve hoqrg to produceg the|desipad glass-

tenperature ([err]C 450
480 crystallizat |Qﬂ’f’§'¥3'rﬁ)erat'[h%" (['é?irﬁ @lass ceramic 7hy) lapped for about

690 700 col o .
green 1omm§ Qe 20 mlnutes W1thg}%%mxng grains having average

grain diameters ranging from 5 um to 30 um and then is
finally polished for about 30 to 60 minutes with cerium
oxide having average grain diamter ranging from 0.5 um
to 2 um. Then, for forming of projections or
depressions in the landing zone, the polished glass-
ceramic substrate is subjected to the laser processing
with a laser diode pumped solid-state laser or a CO2
‘laser fixed in position and pulsed 1laser being
irradiated while the glass-ceramic substrate is rotated,

The irradiation of pulsed laser is performed with



crystal phase and di aneter Li2Si [err] Jerr] Li [err]
Si"[err] OfJerr] Li [err] Si[err] derr]

0.1 pm 0.2 pm 0.2 pm
a -quartz
0.1 pmetcrystal grain shape Li 23S [err] O L i
[err]Si [err] Jerr] Li[err] Si['érr‘}4q73rr] '
gl obul ar gl obul ar gl obul ar
a -quartz
gl obul ar percent transm ssion 1.06 pmli% 55%
38% thesgpnditions such as laser wapglenghhy, laser output,g
0, 0, 0,
Wher sgom ppot 1anBEPP° el omas (ren
gé) ' anding 201y €51 beia&tac?8ﬁgolled sui tably in aé%%rdance with the
4 ‘et cus hei ght, Qr_ projections
300[ err] sff?g:[lefrlﬁ composition of t?%o ery) Oc?er @Brceééﬁ%ﬁn?"(t/%’
- 37 - bl

, t Nos. 1 - 7,
(wei ght % As o Examples Nos 7 fﬁ% dﬁf%ace roughness
Exanpl e (Ra) of théd\Qanding zone and the data zone i
7Si Qerr] & '€ 18 measuyed,
Li[err]O with the surface roughness measuring device Tencotl- P2
Plerr]derr] 2.5 Z
r derr] (Trademark). 1.5 A
lerr]Jerr] 2.8 MO
1.0 Z2n O . As to Examples Nos. 8 - 17, the surface roughness
0.5 Klerr]O
4.0 V[err]Jerr] (Ra) of the data zone as well as height and surface
0.1 0.1 Mn Jerr]
0.1 CuO roughness (Ra) of projections or . depressions Nijn Qthe
0.8 Crf[err](err], coOS b Jerr] err! . .
0.2 As[err]Qerr] landing i #pne et s(u[r&dr] @t th the aoaptical surace

?go gg?’gﬁ allization te rﬂ%%rsat_a‘%ra vsertZvkd (Trademark). dar k

brown crystal phase an%gﬂ L
iferr]Si[err]err]

0.1pm examples of the present invention and the comparative

| BN in Tables 2 to 8 and Figs. 6 and 7, " the
examples of the prior art Li,0 - Si0, system differ
-entirely from each other in the crystal grain diameter
and the shape of the crystal grains of lithium
disilicate (Lizo '2Si02). In the glass-ceramic of the
present invention, lithium disilicate, alpha-quartz and
alpha-cristobalite have a globular crystal grain
structure with a small grain diameter. in contrast, in
the glass-ceramics of Comparative Examples 1 and 2,
lithium .disilicate has an acicular grain structure with
-a. large grain diameter of 1.0 wm or ‘more. In a

situation in which a more smooth surface is required,

this crystal grain structure and grain diameter of the



a -quartz

0.3 pmcrystal grain shape Li
[err] Si [err] Jerr]

gl opul ar

a -quartz

gl obul ar percent transm ssion 1. 06'ﬁm4ﬁ%

41% 10.5 pmi%

0% type of pul sed | aser YAG
surface roughness (Ra) (A | andi ng zone

20 data zone

3 height of proj EeMPaRative examples adversely afftect the surfagoA
or ¢ depressions ([err]) Tabl es 5
to 8 show exanpl 9“5}38“@ té‘flﬁfr ﬂ“ldeh%rﬁ!‘:ﬂtHrcﬂ%“?%l%ﬁf%tﬁo dye to

system whi ch incl udes theff 5 $? !
conparative exafffféd& th@f hhe r"“‘a’ﬁ | Oy the sitrhs hrake.
62- 72547,

I Sh
Compar at | ve ExanphEs Eeﬁkdﬁ‘%zaa&?g;%ﬁ v U Nﬁat SUTASE A by L e
63-210039, Cbnpaﬁgb'ﬁgreﬁﬁégab%l%% tOQ%hQQ%d@§§1t£“§ F?g%%z¥éﬂé%&ﬁ%ﬂ of

nucl eati on, tenpera crystall1zation, oni hant

phase, dianeter gh ciys{@l qreaiss.ipShape (Eclgé‘%ﬁlamigé@'rbsf @4 ?ratlve

appearance of the glass-ceramc, average percent transm ssion o
wavel ength 0.02 piamp@e8 1 and 2.

O col r|n rz&ent sten1and t wo

As regards the surface state shown in Figs. 8 to
11, a laser processing resulting in f&rming of
projections or derpessions having a uniform and
desirable shape as shown in Figs. 8 and 9 can be
realized in the glass-ceramic substrate according to the
invention in <contrast to the above described defects
produced in the “prior art aluminum substrate and
chemically tempered glass substrate. As will be
apparent from PFigs. 10 and 11 showing the prior art
chemically tempered glass (Sio2 - Al,O, - Na

273 2
exchange), the chemically tempered glass exhibits an

0, Kzo ion

instable and ununiform surface state after the
processing by the laser diode pumped solid-state laser.
In the chemically tempered glass shown in Fig. 11,
sufficient heating was not achieved by laser irradiation
at laser wavelength of 1.064 um and 0.523 ,m and the
Taser prbcessing was made at wavelgngth of 0.266 um.
The result‘was an instable and ununiform surface state

shown in Fig. 11.



pm and 1.05 pm- 1.40 pmof the |laser diode punped solid-state |aser
at a plate thickness of 0.635 mm surface roughness (Ra) of the data zone

after poli shing,

type of the | aser diode punped solid-state |aser used in

the_ |l andi ng zone, wavel ength used, and hei ght and surface roughness (Ra)
of projections or depressions for med bX6I r_r_adi ation of |aser beam

- 39 - Table 5

(wei ght %

Exanpl es No. 8

9 10 Si Jerr] 75.7
75. 7 75 15t L is [Q.lqrfﬁ@ered that the glass-ceramic according
10.5

Pres

Sb2derr]

CPROOOOOWORENEN
NOR R R0 ~NUO U 0T

ol
A
o

720
dar k bl ue
di anet er

Crlerr] gerr]

10.5 Plerr err
to 2t_15e invention is sgpgrzo C1713 ance to heat to

th%: gchemically temper% Bg&ﬁ;
st%t_%, has no strain ch1 Q%glé]%ﬁﬁﬁ‘ the tempered surface
laysexg and the untem;?elﬁ%é\lci iorgerior layer which is

e&lﬁxar the chenie1 M A&hpdred
p 1V[err(i ey M Pered glass and has a

cﬁrs'l-tﬁlophase which can prevent growth of microcfac)%%

erriq;
c 1s 1n an amorphous

which are produced by various extezgna?lo actions and, as & 2
54

nucl eati on tenperature (O

totllD cefitdcd | izt i iedenpadwdntaged [ erhddL) an improved

730 710 col or
prapektl uenf forming derkidettions ysiml demsessighs by
Liferr] Si [err]OfJerr] Li [err]Si [err]

Jerr] L i [err]Sng§digliay exfr]laser beam.

0.1 pm

0.1 pm 0.1 pm crystal grain shape

Li [err] Si [err] Jerr] Li [err] Si [err] (err] Li [err] Si

[err](err]



gl obul ar gl obul ar gl obul ar percent transm ssion 0.2

pm°aver age val ue 10.0 8.0
4.0 This Sheet Has Been R 1.05 pm 0. 635 mm
oo . .

28.0 ' ) 0 pm type of | aser '

Nd: YAG 47 Nd : YA el engt h

0.532 m o. 532gm 1.064 p mTHISi SHEET dfAPBEEEGL i Ons
or depressions ([err]) 25 [err]REHJQED

280[ err] 200[ err] surface roughness (Ra) e e-Rg-—Zane

18[ err] Whd®[isr¢laimed is: 15[ err] surface roughness (Ra) of
data zone 3[err] 4[ err]
3[err] 1. A glass-ceramic substrate for a magnetidOdisk having
Table 6

(wei ght % a data zone and a landing zone, said landing zone having
Exanpl es No . 11

12 a ]mpg§ipki%§§q of projections or depressions formedgg by
76.0 . 75.0, L) 2 10.0
10.5 ‘rlrla‘g‘ﬁ‘e‘ﬂi']‘ti chgger beam. 1.8

15§/“§¥§% %§§T1c substrate for a magnetic dzskg %g
dé%ﬁngQkidﬂaJm 1 wherein a laser used is a CO2 lasebt3

1. : . . 2
3. OPNQF%AQ:eramc substrate for a magnetic dlskl %Q

defhééé3fh(31a1m 1 wherein a laser used is a laser d14d§

COOOONNNOONEN
NRPWWNOOOUIUIUIOO®

.0 Mng err]
pdhﬁedﬂéﬁridléﬁdie laser. 0-4
CuO , 0.5 0.3
Crlerr] Jerr4. A glass-ceramic substrate fdr Oa magnetic disk as
Sb2dJerr] 0.2 0.2
nucl eation tenpefioied e {ferelddm 3 wherein said50laser diode pumpdd
540 crystallization tenperature ([err]C 750 740
750 col or solid-state laser is an Nd-YAff ykaggrck an Nd-YVO dhgger
bl ue dark bl ue crystal hase and di aneter L|[err] Si
[err] derr] L 9T (&% (N YLY g%eﬁierr] Li[err] S |[err] Jerr]

6. A glass-ceramic substrate for a magnetic disk as
defined in claim 4 wherein a wavelength of said laser
diode pumped solid-state laser is within a range of 0.2
um - 0.6 um or within a range of 1.05 uym - 1.40 um.

6. A glass-ceramic substrate for a magnetic disk as
defined in any of claims 1-5 wherein surface roughness
(Ra) of a polished surface of the landing zone is within
a range from 3 ;’to 9 X and height of the projections or
depressions formed by the laser beam in the iandihg zone
I's within a range from 50 R to 300 X and surface
roeghness= (Ra) of the projections and depressions is
within a range from 10 & to 50 K.

7. A glass-ceramic substrate for a magnetic disk as
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0.1 pm 0.1 pm 0.1 pm

a -tristobalite a -quartz a -quartz
0.1 pm 0.2 pm 0.3 pmcrystal grain shape
Li [err] Si [err] Jerr] Li [err] Si 2 5 Li2Si [err] O5
gl obul ar ' gl obul ar gl obul ar
a -cristobalite a -quartz — 48a-=quartz
gl obul ar gl obul ar gl obul ar percent transm ssion 0.2p m
aver age val ue 5.0 7.0
6.0 0.6 pm 1.05 pm 0. 635 mn t
10.0 13.0 30.0 1.40 pm
type of |aser defined in claim 6 wherbdn YA®erval of theNdproY¥ehtebhk
Nd: YLFIlaser wavel ength 1. 064 pm
1.064 pm or dep#éspivhei gbt wothphropeehngds fobmdepr emsitenga o0A m.
300A 180[ err] 150[ err] surface roughness (Ra) of
| andi ng zone - 8. A glass-ceramic substratBOAs defined in any 34Aclaims
13A surface roughness (Ra) of data zone
5A 1-7 mherein a glass-cefamic used is a glass-ceramic of a
- 41 - Table 7
(wei ght % Sio2 - Lizo - Kzo - Mg0 - ZnO - on5 - A1203 system or
Exanpl es . No. 14 :
15 of §6S$0'2 o[ é,liQP - KZO - Mg0 -~ ZnO - P205 - Alz_Os - 27927
76.0 %5.5 Li 2
10.5 8YS{6Ms 10.7 P [err]derr]
2.5 2. _ L 2 [ ] . .
15 9. 1_§ glass-ceramic SE§§%5?I?L?§foeP?fnetlc disk as
2.5 . . O
16 def%pgd in any of cl%}ésggh CP’ 7 and 8 formed by
0.5 suBjecting to heat treltfiek? Q base glass which consist
3.0 356N 30N O ' e
0.8 in ¥e@ght percent of: 1.2 C 00
0.8 0.9 0.6 vMn @2
0.1 0.$io2 0.05 V2 05 70 - 80%
0.1 0.1 0.05 CuO
0.2 0.2Li20 0.3 Cr [err]Deri2%S b [err](err]
0.2 0.2 0.2
K,0 2 - 5%
2
Mg0o + ZnO 1.2 - 5%
in which MgO : 0.5 - 5%
Zno 0.2 - 3%
P205 1.5 - 3%
Al,0, 2 - 5%
Sb,0, 0 - 1%
A3203 0 - 1%

a main crystal phase of said glass-ceramic being at
lIeast one of lithium disilicate (L120 '28102), a mixed
“erystal ﬁf lithium disilicate and alpha-quartz (alpha-
Sioz) and a mixed crystal of lithium disilicate and

alpha-cristobalite (alpha-Sio0O

AR R R A

2), and said laser being a



nucl eation tenperature ([err]C 530 500

4806 crystallization tenperature ([err]C 710 730
720 col or dark bl ue dar k
bl ue dark blue crystal phase and di aneter Li2Si
2 Qerr] Lir[err] Si [err](err] Li 2SS 2
0.1 pm 0.1 pm — 91 pm
a -quartz a -quartz
0.1 pm 0.1 pmcrystal grain shape : L i
[err] Si[err]O 5 Li2Si205 Li2Si2 5
gl obul ar Ccogl amgenr. gl obul ar
a -quartz -quartz
0.% pm 100. 1 Apmglarsserdentamdbicts mssisdrat € fon avevagyee Viak ukisk  as
8.0 10.0 7.0 0.6 pm
1.05 pm 0. 635 mm tdefined in any -of claims 2, 6, 7 8¥0 8 formed by
36.0 31.0 1.40 pmtype of |aser
Nd: YAG subyec hig iy heat tregimenty\pobases &1 aas ofleigh hconsists
1. 064gm 0.532 pm 1. 064 pm hei ght of projections or
depressions (A) 1n weight percent of: 100[ err] 150[ err]
200[ err] surface roughness (Ra) of |anding zone .
11[err] 14A %102 16[err] surface $ouditess (Ra) of
data zone . 3 [err] - 4 [err]
3 [err] Li,0 9 - 12%_ ,,0 1T
Table 8 - o
(wei ght % k,0 2 Bartsf es
Conmpar ati ve Exanpl es + No. 9 - . 17
1 » ¥80 4 &89 1.2 - 5% 76.0
71.0 in 8hikHinderr]derr] 0.5 ~ 5%
10.5 12.0 8.5 Plerr] Jerr]
2.0 1.9 ZnoO 2.5 Zr Olerrd.2 -~ 3%
1.0 Alferr]Jerr] 2.0 9.6
3.1 Mo on5 L.~ 3Waflerr] O
1.5 ZnO 0.3 3.
Klerr]O Al,0, 3.22 -C®O0
3.6 Ni O 1.5 0.4
Nal[err]O 1.6 CoO Z2ro, 0.5 - 5% 1.5 S
r O

Sb203 0 - 1%

A5203 0 - 1x

a main crystal phase of said glass-ceramic being at
least one of lithium disilicate (Lizo- ZSiOZ), a mixed
crystal of lithium disilicate and alpha~-quartz (alpha-
Si02) and a mixed crystal of lithium disilicate and
alpha-cristobalite (alpha-SiOz), and said laser being a
CO2 laser.

11. A glass-ceramic substrate for a magnetic disk as
defined in claim 8 including at least two ingredients of
NiO, CoO, Mnozt V205. Cudg, Cr203 as a coloring agent.

12. A glass-ceramic substrate for a magnetic disk as

defined in claim 11 formed by subjecting to heat

L



M err] 0.1 0.4
Vierr]err] 0.2 PbO C uO

0.4 0.9 Crferr] gerr] 0.1
Sb [err]err] 0.2

As [err]{ Jerr] 0.3 nucleation tenperature ([err]C 480
550 540 crystallizat+orspenperature ([err] O 730
780 800 col or dar k
bl ue white white crystal phase and di aneter

Li 2 Si2 Jerr] Lif[err] Si1 205 Li2 Si[err] Jerr]

0.1 pm 1.2 pm 1.5 pm

a -quartz areatimdnibald tkased gl aiys Mhdled idomsists in weight percent
0.1 pm 0.5 pm 0.3 pmcrystal grain shape

Li [err] Si [err] odf:err] Li2Si 2 derr] Li [err] Si [err]Jerr]

gl obul ar aci cul ar aci cul ar .

a -quartz a -crisgt®palite a -cristobalite 70 - 80%

gl obul ar gl obul ar gl obul ar percent transm ssion 0.2 pm
aver age val ue Li,a 8.0 9 - 12% 45.0

48. 0 0.6 pm 1.05 m 0.635
mm t K,0 20.0 2 - 587.0

86.0 1.40 pm type of |aser :

Nd : YAG |aser wavel etf%h* £n0 1.2 I.Oéﬁgnn hei ght of
projections or depressiqn ) . 80[err]
surface roughness 1(%%%(’3? i1g<(adr?di ng zone 0.5 - 5%

10[err] surface roughness ) of data zone _ o

6[err] 14[errf&ﬁﬁ 12[ err] 0.2 3%

- 43 - For man turing the glass-ceram c sulstrat of the
above descri bed examl)tlfzze%, materi al s i ncl udi ng ﬁo'gii des,:&(s:ar bonat es and

nitrates are m xed and gplgen in a conventional nekting aggaratus at a
tenperature with the rarfge from about 1350 [err]C to about 1450 C. The

mol t en Sb,04 0 - 1%
As,0, 0 - 1%
V205 + Cu0 + Cr203 + MnO2
+ Co0O + NiO 0.08 - 2.5%
in which V,0; 0.02 ~ 0.8%
Cu0 0.02 ~ 0.8%
Cr203 o - 0.8%
Mno, 0.02 - 0.8%
Co0 0 - 0.8%
NiO 0 - 0.8%

a main crystal phase of said glass-ceramic being at

least one of lithium disilicate (Li20' 25i0,), a mixed

2
crystal of lithium disilicate and alpha-quartz (alpha-
-SiOz) and a mixed crystal of lithium disilicate and
alpha-critobalite (alpha-SiO,), and said laser being a

laser diode pumped solid-state laser.

I



glass is stirred to honogenize it and thereafter fornmed into a disk shape
and annealed to provide a forned gl ass. Then, this formed glass is
subjected to heat treatnent to produce the crystal nucleus wunder a
tenperature within the range from 450[err]C to 550 [err]C for about one to
twel ve hours.-and then is subjected to further heat treatnent for
crystallization under a tenperature_mﬁgqin_the range from680 Cto 780
[err]C for about one to twelve hours t0 produce the desired gl ass-

ceramc. Then, this glass-ceramic is |apped for about 10 to 20 m nutes
wi th | apping grains having average grain dianmeters ranging from5 pmto

oxi do. havi ng. aver 3 grei rEHESH S auHE1 B0TF bR Be fphn 2 (BAEBEEL AlsRT el
for ohonmng_ Of BUPIEEL o OfaifoPLESHONGd N 4P° LRRHLOTIERNC o NEca

pol i shed gl ass- cefr'am ¢ subst € 1's subjec cessing
Wi th a |aser diode £014 bl 11 40 in Pln Ldfd £l £4 14 9€lant! ¥8fcent
position and pulse aser elng 1rradi ated Ile the glasS-ceramc
substrate is rotatgg: The irradiation of pulsed |aser is perforned
W th - 44 -
SiO2 70 - 80%
Li20 9 -~ 12%
K20 2 - b%
Mg0 + ZnO 1.2 - 5%
in which Mgo 0.5 - &%
Zno 0.2 - 3%
P,0g 1.5 - 3%
A1203 2 - 5%
ZrO2 0.5 - b&%
Sb203 0 - 1%
A3203 0 - 1%
v205 + CuO + Cr203 + Mno2
+ Co0 + NiO 0.08 - 2.5%
in which V205 0.02 - 0.8%
Cu0 . 0.02 - 0.8%
Cr, 04 0 - 0.8%
MnO2 0.02 - 0.8%
CoO 0 - 0.8%
NiO 0 - 0.8%

a main . crystal phase of said glass-ceramic being at
least one of lithium disilicate (LiZO* 25102), a mixed
crystal of lithium disilicate and alpha-quartz (alpha-

Si02) and a mixed crystal of lithium disilicate and

L



the conditions such as | aser wavel ength, | aser output, |aser beam spot
di dneter, focus and | aser pulse width etc. being controlled suitably in
accordance with the specific conposition of the glass-ceram c substrate.
As fo Exanples Nos. 1 - 7, the surface roughness (Ra) of the |anding zone
and the data zone is neasured wth the surface roughness neasuring device
Tencor P2 (TradenarKk). As to Exampl B£ Nos. 8 - 17, the surface
roughness (Ra) of the data zone as well as height and surface roughness
(Ra) of projections or depressions in the |landing zone are neasured with
the optical surace roughness anal yser Zygo (Tradenark). As shown in
Tables 2 to 8 and Figs. 6 and 7, the exanples of the present invention and
the conparative @elahpresitobalite (Blpba-8i0,i,20andSis@id Jpseembedinif er
entirely fromeach other in the crystal grain dianeter and the shape
of the crystal 1@s&rndiode pumprdysolddsisitiads: d asie-err] O 2Sigerr]).
In the glass-ceranic of the present invention, lithiumdisilicate,
al pha-quartz and 4Iph&- cRil@F8G5ETaRI Chafabs tFate J9q & magnedig digkai 9s
structure with a Il grain dianeter. In_contrast, in the glass-ceramcs
of ‘Conparative EX§EEP8§%1 éﬁdcéflmlﬁ?hpﬁnaai§PFF€&PeHﬁ£§e§ﬁ acdiTMSEH s§rlginn
structure with a,_|arge rain .dignmeter.of. 1.0..pm_.Or re. I a
situation in mhicﬁya _ relgﬁSSthdéﬁgfacgupgeﬁeqafﬂég,Stfﬁfsngﬁf§Fal°3raiﬁ
structure and gra%@v@ﬁ%ﬁ%&ﬂr 9& Hh%s um at a thickness of 0.635 mm is-80%
to 40%.
15. A glass-ceramic substrate as defined in any of
claims 8-14 wherein a cristal phase of the glass~ceramic
is a lithium disilicate (Li20‘ ZSioz) or a mixed crystal
of 1lithium disilicate and alpha-quartz (alpha-SiOz).
crystal grains of lithium disilicate have a globular
grain structure and have a diameter within a range from
0.1 Ym to 0.5 um, and crystal grains of alpha-quartz
have g globular grain structure made of aggregated
particles and have a diameter within a range from 0.3 um
to 1.0 um,
16. A glass-ceramic substrate as defined in any of
claims 8-14 wherein a cristal phase of the glass-ceramic
is a lithium disilicate (LiZO- 2Si02) or a mixed crystal
of tlithium disilicate and alpha-cristobalite <(alpha-
Sioz), crystal grains of lithium disilicate have a
globular grain structure and have a diameter within a
-range from 0.1 wum to 0.5 um, and crystal grains of
alpha-cristobalite have a globular grain structure made

of aggregated particles and have a diameter within a

L



- 45- conparative exanples adversely afftect the surface roughness
af ter polishing and produce defects due to comng off of the crystal
grains fromthe substrate. Thus, it is difficult to obtain a surface
characteristic having an excellent snoothness of surface roughness of 12
A or less inthe glass-ceramcs of Conparative Exanples 1 and 2. As
regards the surface state shown in Frgsb3 +o 11, a | aser processing
resulting in formng of projections or derpessions having a
uniform and desirable shape as shown in Figs. 8 and 9 can be realized
in the glass-ceram c substrate according to the invention in contrast to
t he above descri bachndef efateam Qurdoqucerh 100 utae prior art al um num
substrate and chemcally tenpered glass substrate. As wll be
apparent from Filds. A0 gmbs-icegtaming sutes ti@iorforarda madwettaldisk  as
tenpered glass (SiJerr] - Alferr]Jerr] - Na20O, Kferr]Oion exchange),
the chemcal ly tedsdfided| aigy exhgdight sllan farmadbly oswbiechimgfoten heat

surface state after the processing by the | aser di ode punped
solid-state | aser.treatment a base glass which consists in weight percent

of:
SiO2 70 - 80%
Li20 9 - 12%
K20 2 - b%
Mg0O + ZnO 1.2 - bx
in which Mgo 0.5 - &%
Zno 0.2 - 3%
P205 1.5 - 3%
ZrO2 0.5 - bx%
A1203 2 - bx
$b,0, | 0 - 1x
Aszo3 0 - 1z
NiO 0.5 -~ 3%
CoO 0.5 - 3%
Mn02 0 - 0.5%
V205 0 - 0.5%
CuO 0 - 1%
Crzo3 0 - 1.5%

a main crystal phase of said glass-ceramic being at

least one of lithium disilicate (Li, O - 2S5i0 ), a mixed

2 2
crystal of lithium disilicate and alpha~quartz (alpha-
Sioz) and a mixed crystal of 1lithium disilicate and

alpha-critobalite (alpha-SiOz), and said laser being a

LT



In the chemcally tenpered glass shown in Fig. 11, sufficient heating was
not achi eved by laser irradiation at |aser wavel ength of 1.064 pm and
0.523 pmand the |[|aser processing was made at wavel ength of 0.266 pm The
result was an instable and ununiform surface state shown in Fig. 11.

- 46 - - > It is considered that the glass-ceramc according to the

I nvention is superior in resi stance ToXfkal to the chem cal l.y tenpered
glass which is in an anorphous state, has no strain change between the
tenpered surface layer and the wuntenpered interior |layer which S
peculiar to the chemcally tenpered glass and has a crystal phase which
can prevent grow h of mcrocracks which are produced by various external

actions and, as d 2%t diadq qumnsd 3l 2atalt al@%eT has an i nproved
lp;ggrer EgamOf f orlrg .ng A prgolI aescz;[-lcoenrsamioé sgbe.f{rga??é OPOSI' al?ymaé;étaidé atcli?'gk of as
- defined in claim 17 wherein percent transmission by a
laser diode pumped solid-state laser of a wavelength of
0.2 ¥m -~ 0.6 Fmor 1.05 um - 1.40 pm) at a thickness of
0.635 mm is 0% to 40%.
19. A glass—-ceramic substrate as defined in claim 17
wherin a cristal phase of the glass-ceramic is a
lithium disilicate (Lizo- 2Si02) or a mixed crystal of

lithium disilicate and alpha-quartz (alpha-Si0O,.) or a

2
mixed crystal of lithium disilicate and alpha-
cristobalite (alpah—sioz), crystal grains of iithium
disilicate have ‘a globular grain structure and have a
diameter within a range from 0.056 um to 0.3 km, crystal
grains of alpha-cristobalite have a globular grain
structure and have a diameter within a range from 0.10
um to 0.50 uwm and crystal grains of alpha-quartz have a
globular grain structure made of aggregated particles
and have a diameter within a range from 0.10 ¥m to 1.00
um.
20. A method for manufacturing a glass-ceramic substrate
for a magnetic disk having a data zone and a landing
zone comprising steps of:

melting a base glass which consists in weight
percent of:

Si0 70 - 80%

L



47 What is clainmed is: 1. A glass-ceramc substrate for a magnetic disk
having a data zone and a | anding zone, said | anding zone having a
multiplicity of projections or depressions forned by irradiation of |aser
beam 2. A glass-ceramc substrate for a magnetic disk. as defined in
claim1-wherein a laser used is a CJerr] laser. 3. A glass-ceramc
substrate for a magnetic disk as deftingdin claiml wherein a |aser used
is a laser diode punped solid-state |laser. 4. A glass-ceranic substrate
for a magnetic disk as defined in claim3 wherein said | aser di ode punped
solid-state laser is an Nd-YAG |aser, an Nd-YV(err] laser or an Nd-YLF
laser. 5. A glass-cerFqlg substrate for a magnet i c diggk s defined in
claim4 wherein a wavel eBgth of said |aser diode punped solid-state |aser
is wthin a range of 0g20 pm- 0.6 pmor within a range -of gk 05 pm- 1. 40
pm 6. A glass-ceranic2substrate for a magnetic disk as defined in any of
clainms 1-5 wherein surigoe+ gughness (Ra) of a polijshed sy ace of the
date zone is within a range from3 Ato 9 A and height of the

proj ections or depr ekdichnsgioor ned by the | aser beam.ish 4 hes andi ng zone

Zno 0.2 - 3%
P205 1.6 - 3x%
A1203 2 - b%
Sb203 0 - 1%
A5203 0 ~ 1%

forming the molten glass into a desired shape;

subjecting the formed glass to heat treatment for
producing a crystal nucleus under a temperature within a
range from 450 C to 850 T for one to twelve hours;

further subjecting the glass to heat treatment for
crystallization under a temperature within a range from
680 °C to 750'@ for one to twelve hours;

polishing the surface of the glass to a surface
roughness (Ra) within a range from 3 K to 9 X; and

forming in the landing zone a multiplicity of
proajections or depressions by irradiation of laser beam

by a CO, laser, said projections or depressions having a

2
[«] 4 .
height within a range of 50 A to 300 A and a surface

0 7]
roughness (Ra) within a range from 10 A to 50 A.

21. A mefhod for manufacturing a glass-ceramic substrate
for a magnetic disk having a data zone and a landing

2one comprising steps of:

A



Is wthin a range fromb50 [err] to 300 A and surface roughness
(R&) of the projections and depressions is wthin a range from1l0 [err] to
50 7. A glass-ceramc substrate for a magnetic disk as

- 48- defined in claim6 wherein interval of the projections or
depressions’is within a range from10 pmto 200 pm 8. A glass-ceramc
substrate as defined in any of claims 567 -wherein a glass-ceramc used is

a glass-ceramic of a Sierr] - Li[err]O- Kerr]O- MO - ZnO - P205 -
Alferr]Jerr] system or of a SiJerr] - Li 0- KO- MO- zZnO- PO -
Alferr]Jerr] - ZrdJerr] system 9. A gl ass-ceram c substrate for a

magnetic disk as deméDefngi Na abyse Of gChs "BhLch Geondiabs 8n fRENERL
by subjecting to heat treatnent a base glass which consists in weight

percent of: p&réertrof: 70 - 80% Li[err]O
9 - 12% Klerr]O 2- 5% MyO + ZnO
1.2 - 5% in which M$i0, 0.5 70 5980%
LiZO 9 - 12%
K,0 2 - 5%
Mg0 + ZnO 1.2 - 5%
in which MgO 0.5 - 5%
Zn0 0.2 - 3%
P205 1.5 - 3%
A1203 2 - B%
Z;‘O2 0.5 - 5%
5b,0,4 0 - 1%
A5203 o .- 1%

forming the molten glass into a desired shape;

subjecting the formed glass to heat treatment for
producing a crystal nucleus under a temperature wifhin a
range from 450 T to 550‘% for one to twelve hours;

further subjecting the glass to heat treatment for
crystallization under a temperature within a range from
680 € to 780 T for one to twelve hours;

polishing - the surface of the glass to a surface
roughness (Ra) within a range from 3 Z to 9 K; and

forming in the landing zone a multiplicity of .
projections or depressions by irradiation of laser beam

by a CO, laser, said projections or depressions having a

2
height within a range of 50 % to 300 K and a surface

roughness (Ra) within a range from 10 & to 50 &.

R



Zn0O 0.2 - 3% Plerr]Jerr]

1.53- 3% Al[err]Jerr] 2 - 5% Sb[err]derr]
0 1% As[err]Jerr] 0 - 1%a main crystal
phase of said glass-ceramc being at |east one of lithiumdisilicate
(Li[err]O 2Si®2), a mxed crystal of lithiumdisilicate and

al pha-quartz (alpha- S Q2) and a -—mskpd-crystal of lithium disilicate
and al pha-cristobalite (alpha-SiJerr]), and said |aser being a

- 49 - CJerr] laser. 10. A glass-ceramic substrate for a nagnetic
disk as defined in any of clains 2, 6, 7 and 8 forned by
subjecting to heat treatnent a base glass which consists in weight percent

of : Si®2. 22. A method for manufactuUPing88%magnetitidPsk substrate
9 - 12% Klerr]O 2- 5% MO + ZnO

1.2 - 5% in whifdr Mp©O magnetic disk having aOdédta zbffe and a 14A@ing
0.2 - 3% Plerr]derr] 1.5- 3%

zone comprising steps of:

melting a base glass which consists in weight

percent of:

510, 70 - 80%

Li20 9 - 12%

K,0 2 - 5%

Mg0 + ZnO 1.2 - 5%

in which MgO 0.5 - 5%

Zno 0.2 - 3%

P205 1.5 - 3%

A1203 2 .— 5%

szo3 0 - 1%

A5203 0 - 1%
V205 + Cu0 + Crzo3 + Mno2

+ CoO + NioO 0.08 - 2.5%

in which V,0, 0.02 - 0.8%

Cu0 0.02 - 0.8%

Cr,0, 0 - 0.8%

Mno2 0.02 - 0.8%

CoO 0 - 0.8%

NiO 0 - 0.8%

forming the molten glass into a desired shape;
subjecting the formed glass to heat treatment for

producing a crystal nucleus under a temperature within a

T



Allerr](err] 2 - 5% Zrgerr]

0.5 5% Sb[err]derr] 0 - 1%
As[err]Jerr] 0 - 1% a main crystal phase of
said glass-ceramc being at |east one of lithiumdisilicate (Li[err]O
2SiJerr])y, * a mxed crystal of lithiumdisilicate and al pha-quartz

(al pha- SiJerr]) and a mxed crystglgof_ lithium disilicate and

al pha-cristobalite (alpha-Sierr]), and said |aser being a CJerr]

| aser. 11. A glass-cerami c substrate for a nmagnetic disk as defined in
claim8 including at least two ingredients of N O CoO MQO2, V205, CuQ
Crlerr]derr] as a coloring agent. 12. A glass-ceram c substrate for a

magnetic disk as gdafidesrdm H@fen dol 50 fededy i EStinav© Kbt ;

- 50 - treatment a base glass which consists in weight percent = of:
Si 2 _ further sifbiedO%g the glds¥) to heat treatment for
9 - 12% K20 2- 5% MyO + ZnO
1.2 -5% crystallization under a temperature within a range from

680 oC to 750 OC: for one to twelve hours;
polishing the surface of the glass to a surface
roughness (Ra) within a range from 3 Atoo ﬁ; and |
forming in the landing zone a multiplicity of
projections or depressions by irradiation of laser beanm
by a laser diode pumpled solid-state laser, said
projections or depressions having a height within a
range of 50 X to 300 X and a surface roughness (Ra)
within a range from 10 ﬁ to 50 g.
23. A method for manufacturing a magﬁetic disk substrate
for a magnetic disk having a data zone and a landing
zone comprising steps of:

melting a base glass which consists in weight

percent of:

Sio2 70 - 80%
L120 g9 - 12%

K20 2 - bB%

Mg0 + Zn0O 1.2 - 5%

in which MgO0 0.5 - b%
Zno 0.2 - 3%

on5 1.5 - 3%
A1203 2 - 5%
Zro2 0.5 - 5%

A



i n which MO 0.5 - 5% Zn0O

0.2 - 3% Plerr]derr] 1.5 - 3%

Alferr]Jerr] 2 - 5% Sb[err]derr]

0 - 1% As[err](err] 0 1%

V[err]Jerr]" + CuO+ Clerr]derr] + M2 + CoO + Ni O

0.08 - 2.5% in which V[err]Jerr}+ 59 — 0.02 - 0.8%

CuO 0.02 - 0.8% Cr[err]derr] 0
- 0.8% MhC2 0.02 - 0.8% CoO

0 - 0.8% Ni O O - 0.8% a main crystal

phase of said gl ass- cesanbg being at |east one of bithiumied silicate
(Liferr]O 2SI 2), d crystal of lithiumdisilicate and

al pha-quartz (al pha- Asiogﬂ and a mxed crystal of -litiium disilicate
and al pha-critobalite ( ha-Si Q2), and said |aser being a |aser diode

punped solid-state Ias%&Os + Cu0 + Cr 0 + Mn02 51 - 13. A
gl ass-ceram ¢ substrate™for a nagnetlc alsk as
+ CoO + NiO 0.08 -~ 2.5%
in which V205 0.02 - 0.8%
CuO 0.02 - 0.8%
Cr203 0 - 0.8%
,Mnoz 0.02 - 0.8%
CoO 0 ~ 0.8%
NiO 0 - 0.8%

forming the molten glass into a desired shape;

subjecting the formed glass to heat treatment for
producing a crystal nucleus under a temperature within a
range from 450‘b to 550°C for one to twelve hours;

further subjecting. the glass to heat treatment for
crystallization under a temperature within a range from
680 C to 780 aC for one to twelve hours;

polishing the surface of the glass to a surface
roughness (Ra) within a range from 3 K to 9 X;_and

forming in the 1landing zbne a multiplicity of
projections or depressions by irradiation of laser beam
by a laser diode pumpled sclid-state laser, said
projections or depressions having a height within a
‘range of 50 K to 300 K and a surface roughness (Ra)
within a range from 10 2 to 50 £.

24, A method for manufacturing a glass-ceramic

] 0 Y A



defined in claim11l forned by subjecting to heat treatnent a base gl ass

whiech consists in weight percent of: Siqerr]

70 - 80% Li 20 9 - 12% K20

2- 5% MO + ZnO 1.2 - 5% in which MO

0.5 - 5% ° Zn0O 0.2 - 3% P205

1.5 - 3% Al[err]Jerr] — 60 — 2 - 5% Zr Q2

0.5 - 5% Sb[err]derr] 0 - 1%

As2d err] 0 - 1% Vlerr](Jerr] + CuO +
Cr[err]derr] + MQerr] + CoO+ N O 0.08 - 2.5% in
whi ch V205 substrate fof.82maghe8% disk havifigOa data zone and a
0.02 - 0.8% Cr2g err] 0 - 0.8% Mh Q2
0.02 - 0.8% landigg(Ozone comprising steps 0f:- (0.8% Ni O

O - 0.8% a min crystal phase of said glass-ceramc being at |east

one of lithiumdisilicaekting[ epr]bpeer]&dapepyhichy apRelisteryinal weight
lithiumdisilicate and al pha-quartz (al pha- SiQ2) and a m xed crystal of
lithium disilicatBegfgnt of:

Sio2 70 - 80%
Li20 9 - 12%
Kzo 2 - 5%
Mg0 + ZnO 1.2 - 5%
in which MgO 0.5 - &%
ZnoO 0.2 - 3%
P205 1.5 - 3%
Zro2 g.5 - b%
A1203 2 - 8%
szo3 0 - 1%
As203 0 - 1%
NiO 0.5 - 3%
Co0 0.5 - 3%
Mno2 0 - 0.5%
V205 . 0 - 0.b%
Cu0 0 - 1%
Crzo3 0 ~ 1.5%

forming the molten glass into a desired shape;

subjecting the formed glass to heat treatment for
producing a crystal nucleus under a temperature within a
raﬁge from 450°C to 550 T for one to twelve hours;

further subjecting the glass to heat treatment for

crystallization under a temperature within a range from

T



- 52 - al pha-critobalite (alpha-Sigerr]), and said |laser being a

| aser di ode punped solid-state laser. 14. A glass-ceram c substrate for a
magnetic disk as defined in claim12 or 13 wherein percent transm ssion
by a laser diode punped solid-state |aser of a wavelength of
1.96 pmat a thickness of 0.635 mMmis 80% to 40% 15. A glass-ceramc
substrate as defined i.n any of clai-ws 8114-wherein a cristal phase of the
glass-ceramic is alithiumdisilicate (Li[err]O 2SiQ2) or a m xed crysta
of lithium disilicate and alpha-quartz (alpha-SiQ2), crystal grains of
lithiumdisilicate have a globular grain structure and have a di aneter
wthin arange from 0.1 pmto 0.5 pm and crystal grains of

al pha-quartz havggg %l ebulan Qr abn sheusbuteelmedeholuraggr egated particl es
and have a dianmeter within a range from0.3 pm to 1.0 pm 16. A

gl ass-ceram c substrapelishidefi thed | surdage off thleaigims® i wheer esiurface
cristal phase of the glass-ceramic is alithiumdisiligcate (l[err]O

2Si @) or a mi xedroughheks @RaDiWhﬁandhsrhhe&tér&md3aﬁgﬁa-§ﬂﬁﬁ(ﬂmﬂite
(alpha- Sierr]), crystal grains of lithiumdisilicate have a

forming in the landing zone a multiplicity of
projections or depressions by irradiation of laser beam
by a laser diode pumpled solid-state laser, said
projections or depressions having a height within a
range of 50 ﬁ to 300 K and a surface roughness (Ra)
within a range from 10 K to 50 X.
25. A magnetic disk having a film of a magnetic media

formed. on said glass-ceramic substrate of any of claims

1-19.
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gl obul ar grain structure and have a dianeter within a -range from 0.1
pmeto 0.5 pm and crystal grains of alpha-cristobalite have a gl obul ar
grain structure nade of aggregated particles and have a dianeter within a

- 53 - range from0.2 pmto 1.0 pm 17. A glass-ceram c substrate for a
magnetic disk as defined in claim1l foPAed by subjecting to heat
treatnent a base gl ass which consists in weight percent of: Si Q2

70 - 80% Li[err]O 9 - 12% K20

2- 5% MO + ZnO 1.2 - 5% in which MO

0.5 - 5% GLHSS~-CERAMIC SUBSTRATE FOR) 2 MAGNBEIC DISRP[err]Jerr]
1.5- 3% Zrgerr - 50 A1203

2 - 5% Sb[err%ﬂPePrFETHOD FOR MANUFACQUEING T%g SAME As[err](err]

0 1% Ni O . 0.5 - 3%

ABSTRACT OF THE DISCLOSURE ' .

There is provided a glass-ceramic substrate for a
magnetic disk having a data zone (2) and a landing zone
(3) capable of stably lifting a magnetic head in the.
landing zone (3) and also capable of reducing the amount
of lifting of the magnetic head in the,data zone (2) for
realizing a high recording density. The landing zone (3)
has a multiplicity of projections or depressions formed
by irradiation of laser beam. A CO, laser or a laser
diode pumped solid-state laser can be used for this
purpose. The surface roughness (Ra) of a polished
surface of the landing zone is within a range from 3 A to
9. A, height of the projections or depressions is within
a range from 50 A to 300 A, surface roughness (Ra) of the
projections or depressions is within a range from 10 A to
50 A and interval of the projections or depressions is
within a range from 10 pm to 200 gm. A preferable glass-
ceramic used is a glass-ceramic of a 8i0, - Li,O0 - K,0 -
Mgo - ZnO - P205 - Al203system or a 8i0Oz - Li20 - K20 -
MgoO - Zn0O - P O - Al O - ZrO system. For stable
forming of projections or depressions in the landing zone
(3) by a laser diode pumped solid-state laser, the glass-
ceramic preferably includes at least two coloring agents

selected from NiO, CoO, MnO3, V305, Cu0O and Cr;03.

(Figure 1)



CoO ' . 0.5 - 3% MhQ2

0, - 0.5% V205 0 - 0.5% cuo

0 - 1% Cr233 0 - 1.5% a main crystal
phase of said glass-ceramc being at |east one of lithiumdisilicate (Li20
2SiJerr]), a mxed crystal of lithiumydisilicate and al pha-quartz
(alpha- Si2) and a m xed crystal of lithiumdisilicate and

al pha-critobalite (alpha-SiQ2), and said |aser being a

-54- | aser di ode punped solid-state |laser. 18. A glass-ceranc
substrate for a magnetic disk as defined in claim17 wherein percent
transm ssion by a |aser diode punped solid-state | aser of a wavel ength of
0.2 pm- 0.6 pmor 1.05 pm- 1.40 pn) at a thickness of 0.635 mMmmis 0%to
40% 19. A glass-ceramc substrate as defined in claim17 wherin a

cristal phase of the glass-ceramic is a_ lithiumdisilicate (Li[err]O
251 2) or a mxed crystal of Ilithium disilicate and al pha-quartz
(alpha-SiO) or a mxed crystal of lithium disilicate and al pha-

16 1



.cristobalite (alpah-SidJerr]), crystal grains of Ilithium disilicate
have a gl obular grain structure and have a dianeter within a range from
0”05 pmto 0.3 pm crystal grains of alpha-cristobalite have a gl obul ar
grain structure and have a diameter within a range from0.10 pmto 0.50
pmm and crystal grains of al pha-quartz hayeé a gl obular grain structure made
of aggregated particles and have a dianeter within a range fromO0.10 pmto
1.00 pm 20. A nmethod for manufacturing a glass-ceram c substrate for a
magnetic di sk having a data zone and a | anding zone conprising steps of:
melting a base glass which consists in weight percent of:

Sigerr] 70 - 80% : - 55 -
Liferr]O 9- 12% Klerr] O -
2- 5% MO + ZnO 1.2 - 5% in which MO

0.5 - 5% Zn0O ' 0.2 - 3% Plerr]Jerr]
1.5- 3%

FIG 2

FIG. 3



Alferr]Jerr] 2 - 5% Sb[err]derr]

0., 1% - As[err]Jerr] 0 1%

formng the nolten glass into a desired shape; subj ecting* the forned
glass to heat treatnment for producing a crystal nucleus under a
termperature within a range from450 [erg}g to 550 [err]C for one to twelve

hour s; further subjecting the glass to heat treatnent for
crystallization under a tenperature within a range from 680 Cto 750 C for
one to twel ve hours; polishing the surface of the glass to a surface
roughness (Ra) within a range from3 Ato 9 A, and formng in the

| anding zone a nultiplicity of projections or depressions by irradiation
of |aser beam by a CJerr] laser, said projections or depressions having a
hei ght within a range of 50 A to 300 A and a surface roughness (Ra) within

a range from10 Ato 50 A~ 21. A method for manufacturing a gl ass-ceramc
substrate for a magnetic dISk having a data zone and a landing zone
conpri sing steps of: V 10 #u~200 ptm - 56 - melting a

base gl ass which consists Fh wel ght

S ammnem -
..P.. cemeeasmem———.

FIG. 4

50 A ~300 A

____/\/\ T N—

FIG. O



percent of: Sigerr] 70 - 80% Li 20

9+ 12% K20 2- 5% MO + ZnO

1.2- 5% in which MgO 0.5 - 5% Zn0O

0.2 - 3% P205 1.5 - 3% Allerr]err]
2 * - 5% Zrgerr] ' 4/6 0.5 - 5% Sb[err]derr]3
0 1% As[err]Jerr] 0 - 1%

forming the nolten glass into a desired shape; subj ecting the forned

glass to heat treatnent for producing a crystal nucleus under a
tenperature within a range from450 t to 550[err]C for one to twelve

hour s; further subjecting the glass to heat treatnment for
crystallization under a t . ' s , 680[err]Cl to
780[err]C for one to twel ' urface of the glass
to a surface roughness (@ O A; and

formng in the | andi ng z(ues NS or depressions
by irradiation of |aser I8 B oj ections or
depressions having a hei ] to 300 and a
surface roughness (Ra) Vi

I5KY x10,000 Tzm ¥DI10

BFIG 7

15Ky x10,000 1lgm ¥DIO



- 57 - 22. A nmethod for manufacturing a magnetic disk substrate for a
nmagnetic di sk having a data zone and a |anding zone conprising steps of:

nelting a base glass which consists in weight percent of: Si 2
76 - 80% Li[err]O 9 - 12% Klerr] O
2% 5% MgO + ZnO 5/6 1.2 - 5% in which MgO
0.5 - 5% Zn0O 0.2 - 3% Plerr]derr]
1.5- 3% Alferr]Jerr] 2 - 5%
Sbferr]Jerr] 0 - 1% As[err](err]
0 1% Vlerr]err] + QuO+ Cr[err](Jerr] + M2 + CoO + N O
0.08 - 2.5% in which V[err]Jerr] 0.02 - 0.8%
CuO Q.02 800 Crlerr](err]

3%

0 - 0.8% MO

15KY x10,000 i0zm WD1Q

FIG. 9

15KV x10,000 10um W¥DIO



CoO 0 - 0.8% Ni O 0

-. 0.8% formng the nolten glass into a desired shape;

sybjecting the forned glass to h
nficl eus under a tenperature withi
range from 450 C to 550 C for one
the glass to heat treatnent for

a range from 680 Cto 750 C for
surface of the glass to a surface
[err] to 9 A, and formng i
proj ections or depregsif L

di ode punpled sol
havi hg a height wt
roughness (Ra) wth
manuf acturing a magn
data zone and a |

eat treatnment for producing a crystal
n a - 58

to twelpge hours; further subjecting
crystallization under a tenperature within
one to twel ve hours; pol i shing the

roughness (Ra) within a range from 3
n the Iandlng zone a multiplicity of
= beam by a |aser
ttions or depressions
? A and a surface
23. A nethod for
gagnetic di sk having-a

f‘ FIG 10

I5KY x10,000 i0um WDIO

FIG. 11

I5KY x10,000 10um W¥DIO
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mel t i na a base o] ass which consists in wei ght percent of: Si 2

70 - 80% Liferr]O 9 - 12% Klerr] O
2- 5% MO + ZnO 1.2 - 5% in which MO
0.5 - 5% ZnO 0.2 - o4

1.5 - 3% Allerr]gerr]

0.5- 5% - 59 -

0 - 1% As[err](err] - 2 -

Vlerr]err] + QuO+ Cr[err]Jerr] + M err]

0.08 - 2.5% in which V[err](err]

CuO 0.02 - 0.8% Cr[f

0 - 0.8% M err] 0.02 - 0.8%

0 - 0.8% In ajj €SS type magnetic disk deviceg goghe magnetic head

repeats an operation according to which the magnetic
head is in contact with the magnetic disk before
starting of operation of the device and is lifted from
the magnetic disk when the operation of the device is
started. If the surface of contact of the magnetic head
N with the .magnetic disk is a mirror surface, sticking
of the magnetic head to the magnetic disk occurs with
the result that rotation of the magnetic disk is not
started smoothly due to increase in friction and damage
to the disk surface occurs. Thus, the magnetic disk is
requ{red to satisfy two conflicting demands of realizing
lowering of the magnetic head and prevention of sticking
of the magnetic head. Characteristics required
generally for a magnetic disk substrate are as follows:
(1) In a CSS type magnetic disk, sticking tends to occur
between the head and the magnetic disk due to increase
in contact resistance caused by a high speed rotation of
the magnetic disk, if the magnetic disk has a smooth
surface with surface roughness {(Ra) belo& 50 X in a
landing zone of the disk, i. e., an area in the disk
where the magnetic head starts and stops its operation.
On the other hand, if the magnetic disk has a rough
..surface with surface roughness (Ra) abave 300 A in the
landing zohe, there is a danger of‘occurrence of crash

of the magnetic head. It is necessary, therefore, to
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formnd the nolten glass into a desired shape; subj ecting the fornmed
glass to heat treatnent for producing a crystal nucl eus.under

tenperature within a range from450[err]C to 550 C for
hour s; further subjectingthe glass to heat treatng
crystallization under a tenperature within a range fro
one’to twelve hours; polishing the surface of theg
roughness (Ra) within a range froms3- Aitco & A, and
| anding zone a nmultiplicity of projections or depressjons
of |aser beam by a laser diode punpled solid-sta
projections or depressions having a height wwthin a range of
and a surface roughness (Ra) wthin a range from 10 to 50 [err]. 24.
A method for manuf@ct ushdghed agpass-cekanitbe invention, surface
-,60 - substrate for a magnetic disk having a data zone and a | anding
zone conprising idwgteneds (Ra) ofreht pogiahbdssuglfase Wi aheCogstst S idbpe

wei ght “percent of: ° o
is within a range from 3 A to 9 A and height of the

Projections or depressions formed by the laser beam in
the landing 2one is within a range from 50 X to 300 4

and surface roughness (Ra) of ¢the projections.-and
o depressions is within a range from 10 X to 50 i.

In another aspect of the invention, interval of the
projections or depressions is within a range from 10 um
to 200 um.

In another aspect of the invention, a glass-ceramic
used is a glass-ceramic of a SiO2 - Lizo - KZO - Mgo -
Zn0 - P,0, - Al,0, system or of a Si0, - Li,0 -~ K,0 -
MgO - ZnO - P205 - A1203 - ZrO2 system.

In another aspect of the invention, a glass-ceramic
substrate for a magnetic disk is formed by subjecting to

heat treatment a base glass which consists in weight

percent of:

8102 70 ~ 80%

Li20 9 - 12%

K20 2 - 5%

Mg0 + ZnoO 1.2 - 8%

in which Mgo 0.5 - b%
el ZnoO 0.2 - 3%
P205 1.8 - 3%

Al O 2 - 5%

273
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Sirgerr] 70 - 80% Li[err]O

9 - 12% Klerr] O 2- 5% MyO + ZnO
1.2 - 5% in which MO 0. Zn0O
0.2 - 3% Plerr]g err] 1. r]
0.5 - 5% Alferr]Jerr] 2 gerr]
0O - .1% - As[err]Jerr] 0

0.5 - 3% CoO - 27 — 0.

0 .- 0.5% Vlerr]( err] 0 A

0 - 1% Crlerr](err] 0 form pg the
nolten glass into a desired shape; subj ecti ng ss to

heat treatment for producing a crystal nucleus under a tenperature wi.thi
a range from 45Qnehr] Fal0 330 dAMdiad Mzone ¢© K¥8! YReNOBI8ring agent

further subjecting the glass to heat treatnent for crystallization under

t enperature mﬁthggsaeha@gev%m?ﬂ— Cu0 - MnO, and a dimater within a range

from 0.05 um - 0.30 um in the system which has the

coloring agent system of NiO - CoO. The crystal grains

of alpha-gquartz have a globular grain structure made of

aggregated particles and have a diameter within a rénge

|\ from 0.30 um to 1.0 wum. The crystal grains of alpha-

cristobalite have a globular grain structure and have a

diameter within a range from 0.20 km to 1.0 wm in the

system which has no coloring agnet or has the «coloring

agent system of V205 - CuO - MnO2 and a diamter within

a range from 0.10 ¥m to 0.50 um in the system which
has the coloring agent system of NiO -~ CoO.

Owing to the specific composition and the specific
crystal phase and grain diamter described above, the
glass-ceramic substrate according to the invention has
the melting point within a range from 950 °C to 1150 °cC
and other conditions which are most suited to stable

forming of projections or depressions by irradiation of

laser beam as described later.

The glass-ceramic obtained by the above descril;.ed
heat treatment is subjected to conventional lapping and
polishing processes and theteupon a glass-ceramic
substrate for a magnetic disk having a data zone with a
sutface toughness (Ra) within a range from 3 A to 9 A
is provided.

The glass-ceramic substrate is then subjected to
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-'61 - 680 C to 750 C for one to twelve hours; t he
surface of the glass to a surface roughness (Ra) w thin a m mﬁum”m
[err] to 9 [err]; and formng in the | anding zone a [ Wi
proj ections or depressions by irradiation of |aser a_|aser

diode punpled solid-state |aser, said projecti o SRQPLKB‘EMEQ?%

hawvi ng a height within a range of 50 Ato 300 A andja ebs

(Ra) wthin a range from10 [err] foO 40’ A- 25. A get‘l:ﬁ gi khavn a
filmof a magnetic nmedia fornmed. on said gl ass-cerap y of

clainms 1 -19 .

What is claimed is:
1. A glass-ceramic substrate for a magnetic disk having
a data zone and a landing zone, said landing zone having
a multiplicity of projections or depressions formed by
irradiation of laser beam.
2. A glass-ceramic substrate for a magnetic disk as
defined in claim 1 wherein a laser used is a CO2 laser.
o 3. A glass-ceramic substrate for a magnetic disk as
defined in claim 1 wherein a laser used is a laser diode
pumped solid-state laser,.
4. A glass-ceramic substrate for a magnetic disk as
defined 1in claim 3 wherein said laser diode pu&ped
solid-state laser is an Nd-YAG laser, an Nd—YVO4 laser
or an Nd-YLF laser.
5. A glass-ceramic substrate for a magnetic disk as
defined in claim 4 wherein a wavelength of said Ilaser
) diode pumped solid-state laser is within a range of 0.2
pm - 0.6 um or within a range of 1.056 um - 1,40 um.
6. A glass-ceramic substrate for a magnetic disk as
defined in any of claims 1-5 wherein surface roughness
(Ra) of a polished surface of the data zone is within
a range from 3 X,to g g and height of the projections or
depressions formed by the laser beam in the ianding zone
i's within a range from 50 R to 300 K and surface
qroﬁghness: (Ra) of the projections and depressions is
within a range from 10 & to 50 K.

7. A glass-ceramic substrate for a magnetic disk as



